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INTRODUCTION

A research program dealing with the mechanical properties of composite

wire ropes is presently being pursued within the Institute of Ocean Science

and Engineering at the Catholic University of America. The goal of these

studies is to bring about a more fundamental understanding of the wire

ropes based on a scientific investigation of the single wire, the single

strand and the complex structural configuration known as the wire rope.

Consequently, the research effort, which ic both experimental and theoret-

ical, was organized with the aforementioned objective in mind.

The present review was conducted to determine the extent of the litera-

ture available in regards to the "Mechanical Response of Stranded Cables".

The survey has been organized into three categorie., i.e., single wires,

single strands and the composite wire rope. The various parameters, such

as the mechanical response, the fatigue behavior, corrosion, corrosion pro-

tection, shock and impact and others have been considered under each of

these major categories.

The review has been organized to enable the maximum utilization of

the references presented. Most of the publications are listed with a short

comment. An overall discussion of the research material has been given in

addition to a complete index. The discussion has been presented in a manner

analogous to the overall philosophy behind the rescarch program at the

Catholic Ual.versity.

In a review such as this, omissions are inevitable. It is hoped that

they are not major omissions. The authors would appreciate being informed

of any material that has not been included but which should have been.



SOURCES

S6veral compendiums of publications on wire and wire rope were consulted

to obtain pertinent information for this literature search:

The British Iroi. and Steel Institute's Bibliographical Series 13 (399)

and 13b (400)provided information on publications dating from the late 1800's

to 1958.

The bibliography by Naval Applied Science Laboratory (401) gave informa-

tion as to past Navy experimental work on wire rope.

Publications relating to problems associated with applications of wire

ropes aboard ship are given in the bibliography (398) compiled by the

Battelle Memorial Institute.

More recent publications were obtained from the Applied Mechanics Reviews

articles for the period 1948 to 1970 (March).

Those publications contained in a previous report (199) on the Themis

project at Catholic University and relating specifically to the mechanical

properties of wires or wire ropes are also included here for completeness.
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DISCUSSION OF THE REVIEWED LITERATURi

1. FUNDAMENTAL INVESTIGATIONS ON THE COMPOSITE ROPE ELEMENTS

A. Properties of a Single Wire

1. Mechanical Response to Simple Loadings

Response of a single wire is actually the response of that

wiie when acting as the most basic element in the wire rope construction.

The uncertainties in attempting an analytical determination of the behavior

of individual wires of a wire rope are brought to light ir a considerable

discussion of a publication by Howe (160). The primary importance of this

work was to point out that the helical arrangement of the wires in a rope

results in smaller sttesses than for a solid bar. The inability to confi-

dently analyze the behavior of individual wires, which persists to this day,

has thus placed a premium on experimental determination of load ratings by

the various manufacturers (282).

Development of a suitable anallysis for behavior of wires in

rope is probably a prerequisite to the application of usual engineering de-

velopment techniques to the design of wire rope systems, e.g., to relate

fatigue research on single wires to the fatigue performance of the wire

rope.

An alternate approach to the determination of the behavior of

the individual wires is, o' course, the experimental one. Two previously

investigated techniques for determining stresses in single wires which may
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deserve further consideration are the electromagnetic method (81) and strain

gaging of the individual wires (322).

Other publications that relate to the mechanical response of

tingle wires but which are not considered as part of tb, wire rope include;

an analysis for nominal tension of a wire wound round a circular mandrel

(296), the experimental determination of the torsional behavior of a wire

under reversed loading into the plastic range (220), and behavior of wire

under a combination of a tenh-le tnd transverse force (89).

2. IatiOUibe•ior

Studies of wire fatigue have been exten3ive (105). Uncertain-

ties are associated with the determ!.nation of the stresses in the indivi-

dual wires in a rope, as discussed in the previous section. Consequently,

direct application of fatigue studies on the individual wires to the deter-

mination of the fatigue performance of the wire rope are, at best, uncertain.

Some qualitative correlation has, however, been shown (77) for the wires and

wir• ropes.

Experimental studies of wire fatigue have included tension (361),

bending (230), and torsion (361). Factors which have been shown to influence

the fatigue life of wires (in addition to the applied stress range) are:

(a) Mean Stress - Two investigations were conducted to determine the

effect of the mean stress on the limiting range of alternatin3 nAsile stress.

The first study (309) dealt with the following types of wire: cold-drawn and

galvanized, heat treated and galvanized, and high-carbon steel wire electro-

plated with zinc. The second study (263) dealt with two steel wires of the

sat composition - one in the drawn, patented condition and one in the tam-

pared state. Raesuts £tMicated th.t the alternating stress was practically
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independent of mean stress for the first study and completely independent

in the second case.

(b) Cold-work (percent reduction in drawing) - Fatigia properties of

carbon steel wires have been shown to improve with low rates of drafting

(smaller reductions per pass for the same total reduction). The improve-

ment in the fatigue properties due to low drafting rates increases as the

carbon content increases. Other work (126) has indicated that larger per-

cent reductions increase the tendency for the effect of a decarburized*

surface to obscure the beneficial effect on fatigue strength of an incr-ase

in carbon content. In addition to the magnitude of cold work, effects on

fatigue properties have been shown (265) as a result of variation in the

rate of running through the dies.

(c) Heat Treatment - Low temperature heat treatment (tempering), which

is performed on the severely cold-drawn wire, has been shown (127) to

give a general increase in fatigue strength. Optimum tempering temperatures

are in the range of 200-250*C, inde-endent of carbon content or degree of

cold work (percent reduction in drawing).

(d) Ca.rbon Content - In general the endurance (fatigue) limit of steel

viires increases with an increase in carbon content (77, 126, 135); however,

it has also been shown (77, 126, 135) that the endurance (fatigue) ratio, de-

fined as the ratio of the endurance limit to the ultimate tensile strength

of the wire, actually decreases with increasing carbon coutent. Since in-

creasing carbon content is 015o associated with an increase in tensile

strength, the latter observa*ton indicates a lower capacity for cyclic

* remov !:;rd wartensite 1y a processing heat tr,!atment
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loading for a wire rope composed of wires of high tensile strength,as com-

pared, for example, to a rope composed of wires of lower tensile strength but

which is capable of supporting the same ultimate load.

(e) Sut`::,:k Coatings (galvanizing) - At least one comprehensive study (365)

indicates that galvanizing terls to lower the fatigue life of steel wire. The

effect gas found to be greatest for hot-dip galvanized wires (reduction in

fatigue limit of from 15 to 28 percent), as opposed to that for electroly-

tically coated wires. The hot-dipped wires were cb~erved to develop closely

spaced hair-line cracks perpendicular to the surface; whereas no such cracks

were observed to occur in the electrolytically coated wires. The latter ob-

servation would teaJ to suggest that the inferior fatigue properties of the

hct-dipped galvanized wires may result from notch effects due to these hair-

line cracks.

(f) Others - ULmited information was found relating to several other fac-

tors affecting the lives of wires in fatigue. among these: the effect of per-

iods of reet (67), the effect of decarbitrization of the surface of the iire

(105,126,127), the effect of corrosive atmosphere(263), and the effect if sur-

face finish (131,309).

3. Corrosion Effects

Studies on the effects of corrosion ou the behavior of wires

can be broken down into three main categories: the first deals with the re-

duction in the cross sectional are# of the wire due to either general wastage

(37) or else du -i severe localized pitting (134), the second is the effect

of corrosave euivronmet." in combination with cyclic loadings of the wire

(cortxosion fatigue) (203), lasLi'". and lately receiving considerable attention,

to t. iffect of criticaly localized Corrosion or stress corrosion cracking
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(37). Localized corrosion, in the above sense, means that the area of

concern is restricted to c small process near the tip of either a pre-

existing crack or else a crack which has initiated and subsequently pro-

pagited as a result of the cyclic loadings.

Other publications relating to corrosion of wires deal with

corrosion resistance of stranded steel wire in sea water (277) and the

effect of sea water on wires and wire rope (255).

4. Cathrdic and Other Environmental Protection

Protection of wires against corrosion may be either of two

basic types, i.e., cathodic protection or else protection with coatings

(individual wires or jacketing of the entire wire rope), where these coat-

ings may also serve to provide mechanical protection (abrasion, fish attack,

etc.).

For corrosion protection, at least two comprehensive corrcsion

analyses of deep sea mooring systems, indicate a decided superiority for

cathodic protection over protective coating systems. Specifically, in (203)

it was shown that in cases withcut cathodic protection, even wires jacketed

with necrcne were sevei.': corroded (crevice corrosion in the 304 stainless

steel); conversely in (139) it was found that for areas where a bituminous

coating substance was damaged, the cathodic protection prevented severe cor-

rosion.

It should be noted here that galvanization of the individual

wires is also a type of cathodic protection. However, in light of the observed

deleterious effects of galvanizing (particularly the hot-dip process), pointed

out in a previous section on fatigue of wires, the use of galvanized wire may

not be the most efficacious approach to combating th~e corrosion problem, par-



ticularly if fatigue loadings s-e to be appreciable.

B. Properties of a Single Str.,dnd

Based on the relative number of publications found in the

course of this survey, less attention has evidently been paid tc tL itrands

of wire rope as separate entities than to eithet the individual wires or the

complete cable. Those publications which were found include: an attempt (234)

to predict the load taken by each strand of a steel-cored, aluminum conductor

cable; and development (250) of an equation for bending moment of a preten-

sioned rope at an anchorage, from which the stresses in the strands may be

predicted.

Contact stress couditiont between layers of strands within a

cable have been determined (86) experimentally using photoelasticity.

lnvestigationa were performed for single-lay cables, such as

(249), where the effect of contact pressure on stiffness of cables under

tension and torsion was obtained using Kirchoof's thin rod theory. Such

studies may point the way toward future study of the helically arranged

(224) strands - of similar nominal composi'!on - of wire ropes.

II. APPLIED INVESTTGATIONS ON THE COMPOSITE ROPE SYSTEM

A. Constitutive Relations

1. Mechanical Response under Various Loading Conditions

Sources of loadings on wire ropes are manifold and are discussed

ixtensivuly in the literature; e.g., hydiodynamic loadings (10, 11, 69, 196,

257), loads due to mooring (22), hoisting loads (dynamic Icids), (194), and
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loadings in cables of suspended cable transport devices (64).

The result of the imposition of the external loadF, i.e., the

internal. "oad resultants on the wire rope cross section may be either; tension

(4, 171, 192, 197, 225, 236,271, 320, 352); bending (3, 100, 297); torsion

(102, 103, 125, 167, 201, 348); or combinations of Lhe above such as combined

tension and torsion (22, 222, 249), or combined tension and bending (250).

Publications relating to the response of wire ropes to various

loadings include those for: deflection of horizontal cables due to the appli-

cation of concentrated loads (such as suspension bridge cables and cables used

in suspended cable transport devices) (109, 110, 140, 176, 219, 242, 243),

elongation and reduction of the diameter of cables duc to axial tension (397),

twisting of cables of unbalanced construction due to the application of hang-

ing loads which are free o rotate (103, 222, 224), bending of wire rope in

flying foxes (used in aircraft arrestirg gear) (281), and bending strain in

conduct,,r cables (259, 297).

2. Development of Analytical Models.

(a) Models for Stress in Wire Rope - Two basic approaches have been used

in attempts to develop analyses for stresses in wire rope. The first is the

equivalent modulus (stiffness) concept (160, 167), wherein the modulus of the

rope as a whole is determined experimentally and used in formulas which are

developed based on the usual elastic analyses relating stress tc load (tension)

or curvature (bending about a sheave). Recently at least one attempt (13) has

been made to analyze the wire rope as an assemblage of coiled springs (245) and

to use the theory of spiral spings to determine the axial elongation of the

spirally would cable.
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(b) Models for other Wire Rope Characteristics - Other analytical

efforts relating to the response of wire rope include: determination of

tensile (249) and torsional (102, 103, 125, 249) stiffness of cables and

elongation due to untwisting of ropes under longitudinal stress (291),

deformation of steel wire ropes under an axial load and a twisting moment

(129), nonsyumetric extension and the "spin" phenomenon in steel cables (13),

behaviot of suspended cables under a horizontal distribution of loads, uni-

formly distributed or concentrated (conductors, suspension bridge cables,

antenna guy cables, tramways, etc.) (164, 229, 236), tension in ropes (192)

or wires (216, 296) wound about a cylinder, dynamic loads due to hoisting

(260, 289, 290, 292, 293, 294, 295 - primarily work done in the Soviet Union),

and-behavior of a cable running over a pulley (62).

(c) Models for Wire Rope Systems - Included in this category are; a

computerized solution for structural analysis of moorings with several fixed

points (141), and analyses for wire rope networks including structural nets

(12) and prestressed cable networks (such as used in roof construction),

' 3. 9ffect of Core

Wire rope cores may be of the fiber type (either manila, sisal

or polypropylene) or else of the independent wire rope type. Conclusions of

Reference 397 on the effect of the type of core on the response of wire ropes

in tension were: (a) that cables with fiber cores have the largest dimensional

changes (as characterized by the ratio of the negative of the transverse strain

to the longitudinal strain), and (b) that the type of • affucta t'e 'kodulus

of the wire rope (lowar modulus for fiber core). The type of core was not,

however, observed to affect the total input energy required for the first cable

failure.

10



In a survey (82) of problems related to the Navy's use of

wire rope, the question was raised as to the effect of the type of wire

rope :ore on the endurance (fatigue capability) of wire rope used in re-

plentshment operations.

A mathemati-al model of wire-core interaction (stress con-

,entration) at e clamp or apparatus housing for a, armored submarine cable

is presented in Reference 214.

4, Effect of Lubricants

The importance of proper lubrication on the life of wire

rope has been repeately emphasized (1-9, 274). Specific beneficial effects

noted are (206): preservation of natural fiber cores; retardation of cor-

rosion; reduction of friction between wires; delaying the onset of fatigue.

In certain instances, Navy lubrication practices have been described (82)

as either improper (application of a thick coating of grease rather than a

thin slurry which can penetrate the fibers) or else as neglected entirely.

B. Failure Criteria under Varying Conditions

Results of a survey by the U.S. Naval Oceanographic Office

(48) to determine the causes of failures (parting or breakage) of wire rope

indicate the following order of importance for the various causes of failure:

Rank Reason for Failure % Cases Reported

I Unsuitable cinstruction 28

2 Fatigue 20

3 Corrosion 14

4 Shock 12

5 Erosion, Scuffing and Local Wear 8
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6 Insufficient Strength 4

7 Improper Handling 4

8 Improper Lubrication 4

9 Variable Rope Quality 2

10 Other (Electrical) 4
100

A discussion follows on available literature dealing with

failure criteria for the three most important causes for failure given

Rbcve (Ranks 2, 3 and 4) which relate to the mechanical properties of wire

Tope, ioe., fatigue, corrosion, and shock. Also work related to fatigue

will be included in publications related to 5 above, i.e., erosion, scuff-

ing and local wear.

1o Fatigue

Fatigue damage to wire ropes, i.e., that due to repetitive

applications of load, results from (44)*: (a) repeated axial loadings, (b)

s•.rumm-ng, (z) dancing, (d) shock loads and (e) bending over sheaves (ba.nding

stresses, radial :ompr4.ssive forces, abrasion and fretting),

The defivition of fatigue failure of wire rope is arbitrary

but is generally stated in terms of the number of broken wiris per linear

measurement of rope (66). Depending on economic or safety considerations,

failure could conceivably be considered as occurring between the first iire

failure and complete fracture. With progressive failure of wires ,he re-

maining tensile strength of w1re rope is decreased (73).

* Problems in oceanographic applications have been shown to be analagous to
problems in the power industiy.
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Presently, it is considered (280ý unfeas9-ble to :eliably

predict even the most elementary type of fatigue failure, i. e., the first

)czurenze of a broken wire.

It is generally held, however, f9l, 280) that the location

if the most serious fatigue damage occuring in wire rope systems is at

those places where the wire rope is bent over sheaves, Here, in addition

to the axial stresses, severe bending stcesses (depending upon the seqerity

of the bend) are superimposed, At 'east one investlga:ion '339' ind.:ates

that, in fact, the largest contribution to the stresses in wirt rope ts from

the Hertz contact stresses at points of contact between individual wires,

and that the usual mode of failure is frettiag-fatigue at the contact points,

The sole theoretlcal method avai'.able tar estimating the

fatigue life of wire rope is the dimensional ana.ysls performed by Drucker

and Tachau (91). In that work a dimensionless bearing-pressure parameter,

B, relating tension in the wire rope, tensile strength of the mateTal,

elameter of the rope, and diameter of the sheave was proposed "n:oe that this

parameter can conceivably account for tensile, bending and contact stress)

The usefulness of the parameter derived was demonstra:ed when lives for

several ropes of two different cons:ý-uctions, 6 X 9 and 6 X 37, fell on a

smooth curve (life vs. B) with scatter lesi than that whith w~uld be expected

using the usual test parametets.

2. Corrosion

Based on the literature which is available, the emphasis of

the research conducted to date has been concerned with general wastage due

to U.orrosion amd to comparative studies (391) of various wire rope materials

1I
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and protection systems for thcir resistance to general wastage.

Except for investigations which have shown the region of

failure of a wire rope to be that at whfth cathh.dic protection was in-

adequate (139), no criterion was found which 4ouid relate the severity

(rate) or extent of corrosion (percent of .roes •e:.tional area) to the time

to failure or failure load respetlively.

Since, in certain cases of -orzosion, thL reduction in crc-s

sectional area may be relatively localized (with respect to the caiule laugth),

e.g., in 304 stainless wire rope where crevice corrosion at attachments or

breaks in protective coatings may be severe (3911), criteria for corrosion

may be relatively easy to formulate based on r•iuction in areas.

More difficult to foresee, but dr~manding of further investi-

gation, is the development of a criterion for resistance of wire rope to

cri.tically localized corrosion at tips of any cracks which may exist in

component wires. This criterion would be in terms of the resistance of the

individual wires to stress corrosion cracking (as discussed in section IA.3

for single wires), which in turn can be defined by KISCC (37), the critical

stress intensity factor for fracture under corrosive environment, which is a

function of the applied stress and the size of a crack,

3. Shock and Tupact

No literature relating to a criterion for failure of wire

rope under shock or impact loading was uncovered during this survey.

This area of investigation does seem to deserve attention

especially when tbo conclusions of a survey (82) of problems associated with

the "avy's us* f vt rope reiterate the conclusions of the Naval Oceano-

14



graphic Office survey (failure analysis presented at beginning of this

section), namely that impact liids are primarily responsible for the

short lives of aircraft arresting gear.
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1. Alekseev, NT., "On the equilibirum shape and tension of a flexible
string acted upon by extec-ual forces that are funýtitns of the orien-
tation of the string in space," J. Appl. Math. Mech. 28, 5, 1147-1150,,
1964. (Translation of Priklo Mat. Mekho 28, 5, 949-951, 1964 by Pergamon
Press, Long Island City, New York, N.Y.,),

x, y, z are the orthogonal Cartesian coordinates. Fx, Fy, Fz denote
the projections of the load per unit length of string. Paper refers to
the special case where Fx, Fy, Fz, are given functions of the direction
cosines dx/ds, dy/ds, dz/ds. Author outlines the way which may lead, in
this case, to the solution of the well-known differential equations of the
problem, but the computation is not carried out to the very end

AMR #5506 (1966)

2. Aluminized Wire Rope, "Advantages of Aluminized Wire Rope for Sea
Water Service," Materials Engineering, page 30 (March 1968),

3. American Chain and Cable Co., "A Report on the Comparison of Bending
Fatigue Properties and Physical Characteristics of Wire Rope with Poly-
propylene vs Sisal Cores," Project No, 2, Wilkes Barre, Pa., Jan 1967o

4. American Standards Association, "Ameritan Standard Definitions and
General Standards for Wire and Cable," (approved Det, 12, 1944) Sponsor:
Electrical Standards Committee.

5. American Standards Association, "Amerizsi Standard Specifications
for Weather Resistant Saturants and Finishes for Aerial Rubber Insulated
Wire and Cables," New York, 1939.

6. Anderson, G.F.,'Tow cable loading funsticne" AAI Journal 5, 2, 346-
348 (Technical Notes), (Feb. 1967).

Paper presents a set of loading functions defining the fluid dynamic
forces acting on a low-drag profile cable with pressu~re drag being
negligible compared to total drag, Au:hor -onsiders the apparent change
of Reynolds number for high towing velocities and deep submezgence. Com-
parison with Earms loading function (Eames, M.C., "The configuration of a
cable towing heavy submerged body from a surface -vessel," Canada Naval
Research Establishment, Dartmouth, N.S., Rept. Phx-10. (Nov. 1956)), shows
little difference in normal loading, but the tangential loading differs
substantially.

Author states that his analytical loading functions have similar
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characteristics to those obtained by Clark ("Extension of underwater tow-
ing cable theory to high speeds," United Aircraft Corp. Research Labs.,
Rept. B110128-1 (Sept. 1963)], who used experivental wing data.

AMR #9774 (1967)

7. Antona, E., and Cereti, F., Experimental anal7 sis of the friction
force in the aircraft control lines (in Italian), Aerotecnica 43, 4,
141-152, Aug. 1963.

The behavior of the friction force in an aircraft control line
forced to vibrate by external means is analysed,

The resultr of tests performed with different types of control lines,
including the complete line for the ailerons of a FIAT G S1 aircraft, show
that the vibratory motion can reduce the friction force to a very low level
(only 1/10 of that in the nonvibratory condition).

AMR #2466 (1965)

8. Atwood, JoH. and Graham, J.R. "Moorings for the Offshore Oil Industry,"
Journal of Petroleum Technology, 20(6), 569-575 (June, 1958).

9. Austin, R.S. and S. Milligan, "Observations of Environmental Effects
on a Deep Sea Acoustic Arry, Naval Underwater Ordnance Station, April 1964.,

10. Author Unknown, "Notes on the Resistance of Rods, Cables and Ropes
in Water" DTMB Report R-31, Dec. 1940

These notes discuss and review experiments on tow lines (resistance to
towing and power required to tow manila rope, iron wire, inpulated conductor,
mine sweeping gear, etc.).

11 Author Unknown, "Tension in a Cable Towing a Heavy Weight through a
Fluid" DTMB, Report R 33, March 1941.

This short report presents computations of tension in a 1/16-inch
diam, stranded cable, 600 ft. long, towing a 300-lb, weight at speeds from
5 to 12 knots.

12. Avent, R.R.,' Nonlinear field analyiLs of structural nets;' Journal of
the Structural Division, Proceedings of the American Society of Civil
Enqineers 95, ST 5, 889-907 (mar 1969),

Subject paper gives a nonlinear analysis of arbitrary structure.! net
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systems, that is, a net with iregular cable tensfns, boundary con-
ditions, and general loadings,

Sclutions are given for three A:•.gcr1•s of nets: (1) a statically
determ±Wate network in which the f:nýil en•s:L.ns ale known, (2) an
indeterminate (and nonlinear) system w:",h b v•artation of loading, and
(3) an indeterminate (and noniincar) nelw-::k wi-h ccnstant loadings but
incremental cable prestresses, Numerical ixamp'eP employing the 'walk
through" method and an associated ine-a.1n p3,.edute ate presented to
illustrate the use of results obtained in all three cases.

Procdure for analyzing an indeterminate system with horizontal
boundiy displacements due to an elastic suppoý.tIng edge beam also is
discussed.

AMR #903 (1970)

13. Babenko, A.F.,*The determination of the ,e~minal freely suspended
load between the wires of a spirally wound cable (in Rssian), Naucb.
Zap. Odessk. Politekh. In-t 27, 16-20, !960; Ret. Zh Mekh, no. 11, 1961,
Rev. 11 V 426.

Ar investigation is made of the distribu'ivn ;f the forces between
the wires of concentric rows of a spirally wound cable of 1 + 6 + 12
construction when the load is freely suspended "t is assumed that until
the wires begin to interact they deform independen-':! of each other, that
the spirally wound cable works w'-A.in ,l. :m- s r& elasticity and
that the termin-I load is disttib,.ted ~u:m.ybe~ween the wires of a
given .=oncentric row. Each per.ipheral wrco .f the .able is considered to
be a coiled spring with a big pit:h ttr the w:nding; -he theory zf spiral
spzings is utilized for the determmai: cun sf .he ý,c' al elongation cf the
spirally wound cable. The au:hrz, wo:khng -- -he bags of the :onditions
that the termintl load is uniformly distuibu'ed between the wi.res of the
given concentric row and that the lilneat dlspla-.ements of the central and
peripheral wires are identical, de".ermites th'. .rces in the wires of a
spirally wound cable. A numerical example is f!un-shed; this shows that
until the wires commence to inteza-t the t-eiv ;uspended load on the
spirally wound :able is distributed ni:s: .reg',.aty between the wires

AMR #718 (1964)

14. Bartlova, A.,"The analysis ot a n:an-'&ded .-:estr-ssed cable net-
work (in Czech)," Stavebnicky Casopis 12, 4, >5-•-C, 1964

The prestressing forces asting .'- :he :abe nutwork are obtained
from the state of stress In an equ 3lent memb-ane by s•'ving the
homogeneous equations of equiiib:._rii The mmorina sure:a:e is referred
to curvilinear coordinates, the ccoodinate carves being identified with
the cable network. Using an auxiliary fun ,_:cn, the general equations
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of membrane equilibrium art reduced to a system of two siultaneous
first-order differential equations. The method is applied first of
all toi translation or rotational surfaces. In the case of flat roofs
the authoress gives a comparison of her method with other known approx-
imate solutions.

Thý paper is, in reviewer's opinion, suitable for design engineer,
the results of the solved examples being presented in simple forms.
The knowledge of the analytical geometry of surfaces will be assumed.

AM4R 5294 (1965)

15. Basset, A.B., "On the Theory of Thin Wires", Proceedings, London
Mathematical Society, Vol. 23, 1891-1892, pp, 105-127.

16. Batson, R.G., "Testing Wire : Wire Ropes", Testing, 1924, Vol. 1,
pp. 7-22.

17. eattelle Memorial Inst., "Analytical and Experimental Investigation
of Aircraft Arresting-Gear Purchase Cable," Final Report to the Naval
Air Engineering Center (Contract No. N156-47939) Columbus, Ohio, July 1967.

18. Baud, R.V., and Meyer, J.,a Magnetic testing of structural cables
(in German)," Schweiz. Arch. 21, 404-410, Dec. 1955.

AM #!833 (1956)

19. Bauer, F.,'Approximate calculation of decrease of tension in
prestressing steel wire wound on circular cylindrical sheal con-
tainers (in German)," Beton u. Stahlbeton. 50, 11, 287-290, Nov. 1955.

The wall of cylindrical reinforced-concrete shell containers is
often reinforced by prestressing steel wire wound on it. Forces
transmitted by the prestressing wire to the cylinder wall reduce the
radius of the latter, whereby a reduction of tension is caused in the
coils of wire already applied. The paper presents an approximate
calculation of this reduction of stress.

Start is made from an intermediate phase cf the winding, when it
has been completed only up to a certain height. It is established
what reduction A w, of the radius of the cylinder mantle would take
place if the winding were completed right to the end and, during this,
the prestressing wire invariably preserved its initial tension. How-
ever, because of the radius reduction awl, reduction of tension bPl
takes place in the prestressing wire at the height e*xained. It is
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supposed that a similar reduction of tension occurs in the windings of
the prestressing wire above the place investigated. This modifies tht
value of A w previously calculated, and, accordingly, the above
value of & Pl has to be corrected by some magnitude AP 2 . This pro-
cedure may be continued and, for the reduction of tension sought, the
approximate value of &Pl + AP2 + *'" + A Pj + ... may be obtained.
Though the above approximation does not converge tcward the precise
solution, the rough approximation does not differ much in practical
cases from the precise value, as shown by a comparative calculation

executed.
The paper closes with a tabulation of formulas of ordinates of deter-

mation and moment influence diagrams for different simple conditions of
support in the calculation of infinitely long cylindrical shell containe:s.

AMR #1794 (1956)

20. Beebe, K.E., "Mooring Cable Forces Cautsed by Wave Action on
Floating Structures" College of Engineering, University of California
(Berkeley) Series 3 - Issue 366, June 1954.

The report presents experimental data on forces on mooring cables
caused by wave action on floating structures. Quantitative measur-
menta were made of the horizontal cable force exerted by the mooring
cable on a force meter at the bottom, the surface time history oi the
waves transmitted past the structure, and the strface time history of
the waves without the model in the water.

21. Berkson, W.G. and R.J. Wolfe, "Investigation of Specially Con-
structed Tow and Power Cables and Associated Equipment for use in
Torpedo Countermeasures," New York Naval Shipyard, Material Lab.,
Dec. 1960.

22. Bert, Dr. C.W. and Stein, R.A., "Stress Analysis of Wire Rope in
Torsion and Tension", Wire and Wire Prod., May 1962, Vol. 37, No 5,
621-624; Jun. 1962, Vol. 37 No 6, 769-772.

23. Berteaux, 1.O., "Introduction to the Statics of Single Point
Moored Buoy System," WHOI Tech. Pub. (it press).

24. Berteaux, H.O., "Surface Moorings, Review of Performance"
Reference No. 68-20, Woods Hole, Mass., March 1968.

A brief history of moorings is presented. The possible types of
failures are reviewed. A theory which could explain the failure of
the wire ropes is presented. This report is quite interesting from
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a materials viewpoint.

25. Barteaux, H.O.; E.Ao Capadona; R. Mitchel and R.L. Morey
"Experimental Evidence on the Modes and 1robable Causes of a Deep-
Sea Bouy Mooring Lin.. ,dilure: Transactions of the 4th Annual MlTS
Conferevce, Washingtoa, D.C. (8-10 July 1968).

This paper presents the case history of an instrumented buoy system
found adrift aac recovered from the Atlantic Ocean. It describes the
-cc' nicJl ant z- tailur• -al test., per.iorred on the mooring line in an
attempt to establisih. the rodes of fas:iure of this typical deep-sea
mcoeiniu. Present (1968) englneering efforts accomplished at or with
tIv ',ý loo1 tiole ý'ceanographic Institution are outlined.

26. Bethlehem " Rope, Bethlehem Steel Corp., Catalog ?305,
Bethlehem., Pa

27. Blatiherwick, A°A,, Stress redistribution during bending fatigue,"
Experimental Mech. 1. 4. 128-135, Apr. 19b1,

Paper deals with distribution of stress in . bending-fatigue
specimen and its redistribu:ioni during fatigue resultir.c from change
in the cyclic modulus of the material. Because of this effect the
results of fatigue tests vary depending upon the loading considered
- constrant-strain, censtant-stress, and constant-momert - it is
shown that the last one is intermediate between the ol-her two extremes.
A machine specially developed for investigation and the test-procedure
followed are descilbed The results obtained are discussed and com-
pared with calculated values biased on cyclic stress-strain curves obtained
independently in axial stress tests, Author is conscious of the limita-
tions of the cests and the materials chosen, nevertheless, he has ventured
to arrive at general conclusions which, in reviewer's opinion, may be
taken as indicative rat!ier than as affirmative, AMR 12(1959), Rev. 2923
may be seen for author's earlier work In Joint authorship.

AMR #3318 (1962)

28. Bohmer, J.F,,"The exact curvature of pretensioning cable (in Danish),"
Tekn. Skr. no. 14 N, 1] pp , "i35

Author deals with the problem )f determining the exact curvature
of the pretensioning cable which, owing to uniform distributed load,
will eive momentless stress dis:,ibution throughout the beam.
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Thir curvature is, in the literature, supposed to be the circle
as well as the parabola of the second order. Obviously, the exact
curve cannoi. ti,-ze, even if the difference cannot be great.
Because of the cuu.Sial, fol- In this cable, it would have to be raised
a little compared with the paraoola. On the other hand, the vertical com-
ponent of S must not exceed the shear force in the section, so the curve
Ja strictly limited.

The differential equatioas are established assuming no friction at
the pretensioning, ana solutions are found by successive approximations.

By taking friction into account, additional correction terms are
found. The corrections are small, 5-10% each. it can be concluded that
this must be the case even for more complicated constructions, e.g., con-
tinuous beams.

Further, the moments are very small when the vertical component of
S is of the same magnitude as the shear in the section.

Practically, the theoretic.i] urve is not of great importance be-
cause usually both change of loau intensity and distribtuion occur, thus
giving moments.

By proper selection, however, of the two variables, the magnitudz
of the pretensioning force and its eccentricity, any two extreme moments
can be taken by a section with stresses chosen.

Stress concentrations -say be taken by additional nonprestressed
reinforcement.

AMR #126 (1958)

29. Bolcskei, E.," High-Tensile steel cable tie-.rods;:' Extracts from
Scientific -..rKs of the Chair no. 2 of Bridge Construction (Epitoipari
es Kozlekedesi nuszaki Egyetem. Tudomanyos Koziemenyei), &jdapset, 1957,
29-40.

AMR #4949 (1958)

30. Bollenrath, F. and Tungardt, W.. "Effect of Surface Decarburization
and Heat-Treatment on the Fatigue Strength and Time-Resistance of Steel
Stay-Wires. F. Bollenrath and W. Bungardt. (Archiv fur das Eisenhuttenwesen
1938. Vol. 12. Oct.. pp. 213-218). In a previous paper by F. Bollenrath
.nd h. Cornclius (see .tani unu -i•sc, J938, Vol. 58. Mar. 3, pp. 241-245)
time resistance was aetinea as tne capacity ot a material to withstand a
limite,- ntirner ot rev-rcec stresses above tne ratinue streugta unLIl -rnu-
Lure sunervenes. In tnis paper tnev descrioe an invesLigation L) _,
etertt ni aecarburization on toi strength of steel w.ires, the resuils

-• .--, -- ': t ,ati-ue rtrengtn of patented unallovea
steel wire was reduced by surface decarburization; (2) alternating bend
anc '" :.'t nv torsi o test snowed that the life of steel wire was also
reou.c, -,v, ecirnurizarion: (3) the alternating bend strength of both
unalloyeo anu cnromium-molvbdenum steel wire was improveýd by tempering
at aoout 2l' . - ld-workinc: (4) subjecting round specimens to



fluctuating tensile stresses and to torsional vibration showed that do-
carburization had a deleterious effect upon both che time resistance and
the fatigue strength; (5) chromium-molybdenum steel had. especially when
heat-treated, a fatigue strength greater than that of unalloyed steel;
and (6) by using wire of special cross-section it is possible to make
better use of the advantages of alloyed steel in aeroplane construction,
and so obtain not only a greater margin of safety but also a decrease in
weight.

31. Brauer, H., "The Domping of Wires," Metallwirtschaft, 18, June 16,
1939, pp. 503-505.

32. Brewer, C., "Residual Stresses in Wire Loops at Anchorage Shoes
or Grommets," Metals Progress, Vol. 44, Sept 1943, pp. 441-447.

Examined failures of heat treated bridge wires forming main cables
of two suspension bridges in terms of the residual stresses developed
when wires are preformed to fit around the anchorage shoes. Indicates
the fallacy in assuming that becase the wires just fit around the an-
chorage, there are no stresses in the wires. Actually, the author con-
sidered, the preformed loop contained such high residual stresses that
a relatively small superimposed direct stress in tension brought the
extreme fibers up to the elastic limit. Author explained that the
difference in ductility between the cold-drawn and heat treated wire
allowed the cold drawn wire to deform plastically and relieve the
residual stress. In addition the increased notch sensitivity of the
heat treated wire compounded the effect of the high initial stresses
resulting in at early failure.

33. Brezina, V., Theory of a Jens-shaped cable roof anchored in a
plane ring (in English),' Rozpravy Ceskoslovenake Akademic Ved, Rada
Technickych Ved 76, 2 103 pp. (1966).

The stresses in a Cartesian network of cables 3upporting a bicycle-
wheel roof on an elliptic plan are determined oy setting the nonlinear
equations for the membrane stresses in the equivalent membranes, The
equations consider dead and sno-w loads, prestressing, thermal changes,
and the state cf stress due to the deformation of the ring. The simp-
lified equations corresponding to small deformations are obtained, and
the linearized equations derived from the swall deformation equations
are solved. The optimal bending rigidity of the ring is considered in
order to minimize the momaents in the ell.ptic ring whfle guaranteeing
its buckling stability. The stresses in the membranes are obtained
under a sequential application of the loads c,)rresponding to the actual
construction technique. The difference equations adapted to r more
realistic solution by means of c.rqputer also are derived.

AMR #3944 (1967)
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34. Brock, J.E.,' Matrix analysis of flexible filauents," Proc, First
U.S. nat. Congr. Appl. M•ch., June 1951; J.W. Edwards, Ann Arbor, Hich.,
285-289, 1952.

By matrix algebra, an expression for the deflection of t-e e.d of
an elastic filament is fuond foe generalized force sy~jtem at that end.
In order to facilitate the mathematics, the equation of the curve of *
the filmnt is defined as a position vector. Small deflection theory
is used and the cross-section variation is assumed to be gentle along
the length of the filament. The method Is applied to a helical wi:.
for illustration, with 3weral types of wire section properties used,
including rectangles and circles.

AMR #3507 (1954)

35. Broschat, M. and T.E. Sherman, "A Five Year field Study of Armor
Rods and Conductor Vibration Fatigue," IEEE Sumer Power Meeting, New
Orleans, La., July 10-15, 1966, Paper No. 33, pp. 86-399.

36. Broschat, M. and T.E. Sherman, "Neoprene Curshlon May Answer
Conductor Fatigue Problems," Electric Light and Power, Dec. 1967.

37. Brown, B.F.," Coping with the problem of the stress-corrosion
cracking of structural alloys in seawater,* Ocean Engineering 1, 3,
291-296 (Feb. 1969).

In the area of developing ocean technology, the focus of concern
with respect to corrosion has shifted from generel wastage to critically
localized corrosion. As increasingly stronger alloys are used in sea-
water, one of the most important forms of critical corrosion is stress-
corrosion cracking. Methods for quantifying this property are discussed,
and the implication of the measured quantities to materials selection are
indicated.

AMR #9527 (1969)

38. Buchholdt, i.A.,"Defornation of prestressed cable-nets (in English),"
Acta Polytechnica Scandinavica Civil Engineering and Building Construction
Series no. Ci 38, 17 pi. (1966).

Literature on the deformations of suspended roofs of cable-nets
or skeleta assemblies consisting purely of link-bars is not very wide..
Autior attempts this problem by using the "Method of Potential" applied
to the deformation characteristics of a cable-net, preatressed initially
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to sufficient magnitude; his assumptions are: (1) cables cannot resist
bending; and (2) linear elastic behavior of the length of the cables
between any two joints exists. The net is treated as a "mechanism"
and the total potential of the system minimized for a stable equilibrium-
configuration, The gradient vector 4 W 4 x representing the unbalanced
forces in the X, Y, and Z directions for a given displacement vector (x]
would represf:nt the direction of greatest increase of the total potential.
From the out-of-balance force set expressed in an Euclidean norm R a E4
0/ aX)k] TL4 i/.)xk 1/2, a unit vector Vk in the direction of the steep-
est descent of the t tal potential surface is obtained; tp minimize the
total potential, a distance of S in the direction LVk) is moved, with
successive iterations resulting ultimately in a displacament vector for
which R can be made negligible, which corresponds to a most stable con-
figuration of a net under initial and applied forces. The energy express-
ion for the total potential is a fourth-order polynomial in teors of S,
the five constants being evaluated in terms of E, A, L and displacement
vectors and dw/ds - 0 for the solution of the problem.

Computer solution of a numerical problem is shown. Important con-
clusions are: (1) displacements decrease, with increase of prestressing
and with increase of selfweight, but increase with decrease of curvature;
(2) load displacement relations are nonlinear.

Paper is a welcoutcontribution to an otherwise seemingly intractable
problem.

AMR #3359 (1967)

39. Buhler, F., "Influence of the Shape of the Die on the Internal
Stresses and Strength Properties of Cold-Drawn Steel Rods," ("Archlv
fur das Eisenhuttenwesen, Vol. 8, April 1935, pp. 465-466).

In experiments on samples of steels St. 37 and St.60, cylindrical
dies produced relatively high stresses in the rod. Steep dies pro-
duced principally a deformation of the surface; thus, for instance,
bright drawing with a steep die produced a material with very much
lower stresses than did the usual type of die; with steep dies the power
consumption was generally higher. On account of the bad frictional con-
ditions, the cylindrical die required by far the greatest amount of power.
A norutwl die produced a smooth and unexceptionable surface, whereas that
from a cylindrical was streaky and porous. For particularly imootil sur-
face at low drafts, the use of a steep die is recomended. As the steep-
ness of the die increases, the tensile strength and yield point of the
rod increase, the latter more rapidly than the former. Any influence of
the die on the elongation and reduction of area could not be observed.

40. Buhler, H., and Kreher, P.J.," Simple method to determine the
internal stresses in wire (in German)," Archiv fur das Eisenhutten-
wesen 39, 7, 545-551 (July 1968).
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Authors describe a cross-slot method to measure the longitudinal
internal stresses in cold-drawn wires. By this method, the wire is
slotted in a cross sectional p...ne to the center and the deflection
of the wire is measured with dial gages or with an optical method.
The derived equations to calculate the internal stresses are valid
for a linear uniaxial and a rotation-symmetrical stress condition.
The influence of the slot width on the deflection is shown by tests
on wires with 0.8% carbon, cold-drawn with a reduction of cross sec-
tional area of 0.8 to 32.4' on a diameter of 5 mm. The application
of the method and the determination of the longitudinal residual
stresses in the surface layer is further shown by tests on wires with
0.1% carbon, cold-drawn with a reduction of cross sectional area of
0.8 to 40% on a final dimater of 5 mm.

AMR #6139 (1969)

41. Bullen, N.I. 0The infiluence of rope stretch on tension variations
in arresting gear•,,Aero. Res. Counc. Lond. Rep. Mem. 2964, 38 pp.,
1956.

Equations of motion are set up for a system consisting of an
aircraft and an arresting gear. The analysis differs from work
previot:sly done by the assumption of elasticity, mass, and friction
in the wire cable used. The resulting equations are integrated step
by step. Comparison of the results with observed rope tensions and
accelerations indicates good agreement, and it is concluded that the
rope elasticity accounts for hitherto unexplained observed oscillations
in rope tensions.

AMR #1048 (1957)

42. Busby, R.F., L.M. Hunt and W. Rainnie, "Hazards of the Deep'
Ocean Industry, Vol. 3, No. 7, July 1968.

Two kinds of hazards are considered: (1) Man-made hazards (cables,
wrecks, etc.) and (2) natural hazards (see state, currents, topography,
etc.). The first hazard mentioned are cables. Submarine cables may
be used for power, communication, mooring or a combination of these
functions. Cables may also exist as lost or discarded material.

43. Cables, Connectors and Penetrators, "Meeting on Cables, Connectors
and Penetrators for Peep Sea Vehicles", Department of the Navy, held at
Managemant Information Center, Deep Submergence Systems Project Office,
Bethesda Md., 15-16 Jan. 1969; minutes of
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44. Capadona, E.A., "Dynamic Testing Predicts Marine Cable Failures,"
UNDERSEA Technology, Oct. 1967.

The author discusses the value of laboratory studies on particular
problem of dynamic loading in cables for oceanographic applications.
Noted analugies between dynamic problems in power industry and those
in underseas applications. Specific problems mentioned are: (1) repeated
axial loading; (2) strumming; (3) dancing; (4) shock loads; and (5) sheave
studies (ababrasion, fuelting, radial compressure forces, bending stresses
over sheaves). No data given - no specific tests mentioned.

45. Capadona, E.A. and W. Colletti, "Establishing Test Parameter for
Lvaluation and Design of Cable and Fittings for VDS Towed Systems,"
The New Thrust Seaward, Transactions of the 3rd Annual MTS Conference,
San Diego, California, June 5-7, 1967.

46. Chapman, R.W., "The Stress of Wire Ropes due to Bending,"
Engineering Review, October, 1908.

47. Chase, L., "Causes of Breaks in Wire Rope and Cable in Ocean-
ographic Applications," Naval Oceanographic Office, Instrumentation
Department, Washing, D.C.

48. Chade, L. "Why Wire Rope Breaks &nd How to Preveqt It," Ocean
Industry, May 1969, pp. 98-102.

Results of US Naval Oceanographic Office Survey to determine causes
of failures including partings and breakages.

49. Chelton, H.M., "Wire Rope," Pit and Quarry, 43, 80 (March 1968).

50. Chistopherson, D.G., and Naylor, H." Promotion of fluid lubri-
cation in wire drawing," Instn. mech. Engrs. Proc. 169,35, 643-653,
1955.

A factor limiting the rate at which wire can be drawn through a
die is the severe die wear which may occur at high speed. If
hydrodynamic lubrication coule be induced, wear would probably
be much reduced. It is suggested that this can be done by supply-
ing oil to the die entry at a pressure comparable with the wire
yield stress. The necessary pressure cai, be conveniently gener-
ated by causing the wire to approach the die through a tube of
slightly larger diameter than the wire, sealed on to the inlet side
of the die.

Experiments showed that the die friction is thereby so reduced
that, even allowing for the drag in the tube, the total drawing force
is less than with existing methdss of soap lubrication; and tests
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with steel dies have shown large reductions in wear. A theory of
the behavoir of the wire in the inlet tube and of the temperature
distribution in the system is included. The former is based on the
hypothesis that the wire follows that path in the tube which leads
to minimum power dissipation, assuming laminar viscous flow; the

experimental results are consistent withit.
Reviewer belives that this is a most important investigation,

both from a practical viewpoint and as an interesting new application
of the variational principle to viszous flow.

AMR # 3627 (1956)

51. Clarke, N.W B.," Measuring 1oads in wires: two simple devices
to ensure accuracy in prestre~sing,'-Lngineering 177, 4613, 812-815,
June 1954.

Two simple meth-ds for measuring total loads in prestressing
wires are descri'ed: (1) Use --f a very stiff double cantilever steel
spring together wit, a dial gage to measure the deformation of the
springi (2) use of a Isver loaded with known weights.

AMR 1346 (1955)

52. Clarke, NoWoB, and Walley F.,OCreep of high-tensile steel
wire,"Proc. Instn. Civ. Engrsi 2, part 1, 107-135, Mar. .'93.

Paper gives results of engineering rather than fundamental
importance on the stress-relaxation cf "high tensile strength
steelvwire stretched and maintained at constant length. Greater
stress relaxation was found at higher initial stress levels- At
any initially applied stress, the stress relaxation was proportional
to log time up to 1000 hr, the time limit ýýf tests

AMR # 3735 (Dec 1953)

53. Cleaver, F T , and Miller, H., " Wire-drawing technique and
equipment,dLondon, Inst. Metals, "The cold working of non-ferrous
metals and alloys," SI-10b, 1952. $2 50.

The principal landmarks in the development of the wire-drawing
industry in this country from the earliest beginnings until the
present time are reviewed. A description is :'Ien given of pres-
ent-day machines, :omprising tandem - and -one-type machines, in
which slipping of the wire occur, :n the ccu, e ji drawing, aind
also the nonslip variety Die design, jie materials, lubricants,
speeds of drawing, -edu:tions, and other aspects of wire drawing
are dealt with, and a detailed account i. given ot current practice
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in the production of copper, brass, bronze, and other copper-alloy
wires, and also of aluminum and alloy wires. Finally, vaeious
types of defects which are encountered are considered.

AMR #2818 (Sept 1953)

54. Cole, J.D., C.B. Dougnerty and J.H. Huth, "Constant-Strain Waves
in Strings," J. App. Mech., ASME, Vol. 75, pp. 519-522, 1953.

55. Conducting Cable, "MoLe Conductor in the Cable," Electl. Rev.,
Lond., Vol. 184, No. 2, 53 (1969) Jan.

600/1000 V 'Alplast' cables developed by the Hungarian Cable
Works have the economic advantage of a concentric neutral arrange-
ment, but are easier to handle and have better resistance to corrosion.
They have solid Al conductors, pvc insulated and sheathed. The neutral
is, in effect, 4 separate conductors, 3 in the interstices between the
phase conductors plus a helically wound Al tape overall. The cross
section of the 4 neutral conductors Is thermally equivalent to each
of the 3 phase conductors. The larger cablea have specially shaped
phase and neutral conductors to provide an even better 'space factor'
ii the cable. Cross sections are shown. The cable is intended to
have welded joints. -- AA

Source: Corrosion Abstracts, Vol. 8 No. 6, p. 412, line 68, Nov. 1969.

56. Cornelius, H. and Bollemrath, F, "rhe Notch Sensitivity of Cold
Worked Steels when Subjected to Bending, Fatigue", Archiv fur das
Eisenhuttenwesen, 1940, Vol. 14, Dec., pp. 289-292.

Found that notch spnsitivity increased with degree of cold work
for: (a) soft iron; (b) chromium-molybdenum heat treatable steel;
and (c) carburized anstentic steels. For .38Z C steel the effect
was reversed slightly (more marked for Cr-Ni-Ho heat treatable steel).
Carburized anstentitic steel had no notch sensitivity in the soft
state and only a slight one when cold-worked.

)7. Corton, H.T, and Sinclair, G.M., "A Wire Fatigue Machine for
lnvestigation of the Influence of Complex Stress Histories," Amrican
Society of Testing Materials Preprint No. 67, 1956.

A wire fatigue testing machin, •epcribed which operates on the
principle of a deflected rotating Strut. Results of constant stress
amplitude tests of steel wire are presented and statistically
analyzed.
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58. Craggs, J.W.,"Wave motion in plastic-elastic strings," J. Mech.
Phys. Solids 2, 4, 286-295, June 1954.

59. Cristescu, N. "Dynamic Plasticity," Applied Mechanics Reviews,
Feature Article, Vol. 21, No. 7, July 1968.

60. Curry, J.H. and Posner J., "Results of Experiments with Models
of High Speed Towing Targets including Estimates of Full Scale Target
Drag and cable Tension," DTMB Report No. 595, Nov. 1947.

61. Curtis, A.R., and Cowan, H.J.,"Design of longitudinal cables
in circumferentially wound prestressed concrete tanks,"MAg. Concr.
Res. no. 15, 123-126, Mar. 1954.

Expressions are derived for longitudinal bending stresses created
by (and during) the circumferential prestress process. Piper includes
expressions for minimum longitudinal prestress required to prevent
cracking.

AMR #3553 (1954)

62. Czitary, E.,"Behavior of a cable on a pulley with elastically
deformable lining (in Germen),"Ost. Ing.-Arch. 10, 4, 349-359, 1956.

Problem deals with a cable stretched, say horizontally, between
two fixed points and loaded vertically at the middle through a pulley
with an elastically deformable lining around its circumference, a
finite portion of the lining 1peing thus compressed and brought in
contact with cable. Maximum slope of cable is assumed to be small.
In addition to the main problem in which flexural rigidity EJ of cable
is considered, a special case in which EJ is neglected is also discussed.
Then, in two other special cases of considering and neglecting EJ of
calbe, respectively, a rigid pulley without lining is considered.
Obtained for all cases are expressions for determining length of con-
tact between cable and pulley, elevation of pulley, minimum radius of
curvature o of cable, and maximum pressure 0o between cable and
pulley, the last two quantities occurring at center of cable. Numerical
example show- much largere 0 for the cases of pulley with elastic lining
than for those of r0gid pulley without lining; use of lining such
as that made of rubber is therefore justified.

Reviewer likes to point out that author's differential equations
governing deflections of compressed and free portions ot cable in
main problem are similar to those for beams under simultaneous axial
and transverse loading, with and without an elastic foundation, re-
spectively, because EJ of cable is considered; and that, when pulley
r.as elastic lining, the numrical results show little difference
between considering and neglecting Li of cable, indicating that Ej
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may well be neglected to have much simpler calculation. In the
first unnumbered equation in paper, for computing the moment in
cable, term Pxo should be P(x + x), but the error fortunately
does not affect the rest of t~e calculation.

AMR #1748 (1957)

63. Czitary, E.,"Behavor of a cable riding on an eastically coated
roller (in French)," Ann. Ponts Chauss. 127, 6, 795-820, Nov.-Dec.
1957.

It is common practice to deflect or bend a cable by means of a
roller. An elastic coating in the groove of the roller, e.g. a rubber
coating, can reduce the cuvature of th2 cable. Paper presents detailed
calculations of effect of coating on curvature and stress of cable
including conditions which must be satisfied by the coating. Originally
by E. Czitary [A.iR 10 (1957), Rev. 17481, paper was translated into
French by L. Lehanneur. Translator added section wilich covers an in-
stant, .ot considered by C'itary, and also presents a simpler method
of computing curvature.

AMR #807 (1959)

64. Czitary, E., Suspended-cable transport devices [Selschwebebahnen],
2nd edition Wien, Springer-Verlag, 1962, vii + 467 pp. $27.59.

Author crndenses a lifetime's experience in this field, Book is
a complete exposition of theory and engineering practice for design
and installation of cable transportation devices. Introductory
definitions and classifications are followed by treatment of various
types of wire ropes. Methods are presented for determination of
loads on supporting and traction cables. Spearate sections treat
construction of cable supports, loading stations, carriages, or other
carrying services, and safety features. A separate portion is devoted
to ski lifts. The extensive and complete bibliography extends back tn
1906, and contains about 350 entries in various languages.

A necessary text, not only in this field, but also wherever caules
are used for suspension of loads.

AMR #439 (1963)

b5. Czyzewski, H.,-" ,i.. fciction coefficient between rope and sheave
in a lift (in Polish), 'Archiwum Budowy MAsxyn 13, 1, 31-70 (1966).

The value of the apparent coefficient of friction between rope
and sheave depends on the geometrical form of the groove, the pres-
sure distribution between the rope and the goove, and the value of
the real ceefficienr of friction between them. The distribution law
of the pressure nas been determined on the basis of wear tests of
grooves. These tests have show-n hat an undercut groove becomes



elliptic as a result of war and have enabled the determination
of the paramters of the ellipses describing the profile of a worn
groove. On the ground of a new hypothesis of pressure distribution
established by means of an experimental study of the wear process,
theoretical relations are obtained for the determination of the
apparent friction coefficient in usual semici-cular undercut and
elliptic undercut grooves.

Experimental investigation of the apparent friction coefficient
carried out by mearns of laboratory test stand and an experimental
lift have confirmed the correctness of the theoretical relations
obtained and enabled the determination of the minimum values of
these c~efficients, for the purpose of compution of the safe
value of the friction coupling between the rope and the sheave-

The -hove new method for determining the apparent friction
coefficients in undercut grooves enables correct interpretation of
the results -f other wvestigations. For practical purposes some
simplified equation- are proposed.

AMR #9j50 (1968)

66. Daeves, K., "The Influence of Hoisting Frequency, Construction,
and Material on the Durability of Wire Ropes," Draht, Germain ed.,
1954, 5, Feb., pp. 45-49.

Rope life, based on colliery statistics shown to vary inversely
with number ot working cycles per month. For a given hoisting fre-
quency the number of failed wires increases logarithmically with
time. Effects of construction and material pronounced when hoist-
iL.g frequency high. Endurance limit discovered to increase with

frequency of rests for a given stress amplitude.

67. Daeves, K., Gerold, E., and Schulz, E.H., "Influencing the Life
of Fatigue Stressed Parts by Periods of Rest", Stahl and Eisen, 1940,
Vol. 60, Feb. 1, pp. 100-103.

Stresses applied above the fatigue limit at certain time inter-
vals and temperatures. Showed; (1) that rest increased the life above
the fatigue limit; (2) that the increase was gre-tý'er the sooner cyclinr
was started after rest; (3) greatest recovery for coarse pearlitic
structure and decarburized surface. These conclusions should be con-
sidered in fatigue tests which are intended to simulate particular
load histories.

68. Dale, J.R., "A Force Balance Analog for Determining Characteristics
of Ocean Cable Systems," Report So. .ADC-AE-5517, 16 Nov. 1965.
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69. Wale, J.R. and J.M. McCandless, "Determination of Normal Dras
Coefficients for Flexible Cables," Report No. NADC-AE-6719, June 1967.

70. Davenport, A.".," Dynamic behavior of massive guy cables,"Pro.
Amer. Soc. Civil Engrs. 91, ST 2 (J. Struct. Div.) (Part 1), 43-70,
Apr. 1965.

An equation for small displacement dynamic guy moduli of Aong
guy cables, including air-resistance "amping terms, is derived.
Uniform cable tension is assumed and a parabolic approximation of
the catenary i,; used. 4orizontal sinusoidal excitation in the form
of upper guy end displacement, both in the plane of the guy and per-
pendicular to it, is considered. Modulus due to the latter is found
to be negligible when compared with the forner. In-phase and out-
of-phase components of guy modulus (author fails to clea:ly identify
them so) are plotted against frequercy for several critical damping
ratios and a guy inclination angle which the aittior fails to give.

Experimental results obtained from model guys gave fair agree-
ment w"th theoretical results for small periodic guy end displace-
ments to frequencies approximately four times the fundamental fre-
quency for the undamped taut wire.

Paper should provide designers of guyed structures with valuable
concepts concerning the dynamic behavior of their structures.

AMR #816 (1966)

71. Davidson, A.E., J.A. Ingles and U.M. Martinoff 'Vibration and
Fatigue in Electrical Conductors," Trans. AIEE, Vol. 51, pp. 1047-1051,
Dec. 1932.

72. Davidsson, W., Investitgation and calculation of the remaining
tensile strength in wire ropes with broken wires,'Acta Polyt. 174
(Mechanical Engtnzering Series 3, no. 6), 38 pp., 1955.

The remaining tensile strength Pds' as estimated by static tensile
test of a straight iope, is not adequate to serve as a starting point
for judging whether a rope should be discarded or not. In this re-
spect the remaining bending tensile strength Pbdr, which is obtained
by bend,.g the rope over a pulley when in movement and under a load,
should be decisive. For ropes with two layers of wires in the stands,
covered by the investigatiorn, Pbdr/P CS 0.78 may be set in the case
of moderate weakening owing to wire breaks and wear.

The wir-" recoveLy length has been investigated in static remain-
ing tensile strength tests. Here, among other things, it is proved
that the wire recovery length is not equally great for the different
layers of wire in the strands. Thus for ropes with two layers of
wires in the strands the wire recovery length in the inner layer was
only about half thac of the outer cae.

AMR #4i5 (1?56)
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73. Davidason, 1W., Investigation and calculation of the remaining
tensile strength in wire ropes with broken wires (in English),' 1

IngenVetenskAkad., Stockholm no. 214, 38 pp., 1955.

The remaining teisile at- ,ith Pds, as estimated by static ten-
sile test of a straigbt rope, ic tiot adequate to serve as a starting
point for judging whether a rope should be discarded or not. In this
respect rht- remaining bencing tensile strength Pbdr which is obtained
by bending the rope over a pulley when in movement and under a load
should be decisive. For ropes with two layers of wires in t13 strands
covered by the investigation, Pbdr/PdsO' 0.78 may be set in the case
of moderate weakening owing to wire breaks and wear.

The wire recovery length has been investigated in static remain-
ing tensile strength tests. Here, among other things, it proved that
the wire recovery length is not equally great for the different layers
of wires in the strands the wire recovery length in the inner layer
was only about half that of the outer one.

A method is given for calculating the weakening due to wire breaks
and wear of the tensile strength of a rope which is still in use.

Some fifty discarded crane, lift and telpher ropes have been in-
vestigated with regard to the occurrence and distribution of invisible
wire breaks

Finally, the advisability of choosing the rope lay as the control
length is pointed out.

AMR #2040 (1958)

74. Davis, E.A. and Dukos, S.S., "Theory of Wire Drawing," J. Applied
Mech., Vol. 11, pp. 193-198 (1944).

75. Dean, D.L.," Static and dynamic analysis of guy cables," Proc.
Amer. Soc. Civ. Engrso 87, ST 1 (J. Struct. Div.), 1-21, Jan. 1961.

Author proposes to analyze tower guy cables for static and
dynamic conditions in a more exact manner than has been previously
done, but without introducing additonal complexity into the solution.
The vibrations of the tower normal to is Lxis and the resulting
motion of the end of the cable attached to the tower are considered.

The wisdom of some simplifying assumptions used by the author
have been questioned in published discussions of the paper (for ex-
ample, see; discussion by G.V. Berg, Proc. Amer. Soc. Civ. Engrs. 87,
ST 4, p. 61-65). One of the main points questioned is treatment of
the horizontal component of the cable tension which is first assumed
constant and later given as a function of time. Persons interested In
the subject should also consult the author's closing discussion which
will be published in the future.

AMR #697 (1962)
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76. Dean, D.L., and Ugarte,C.P.,"Analysis of Structural Nets"(in
English),Publ. Internat. Assoc. Bridge Struct. Engng.,23,71-90,1963.

Expressions for the relation between deflections and loading
for structural cable networks are developed. Solutions are found
for doubly threaded nets with quadrilateral and triangular bounda-
ries; also solutions are given fo r the cases of quadruply threaded
nets. Transformation of coordinLtes and the application of Green's
functions are discussed in the appendices. Pertinent coments rela-
tive to the practical aspects of manual and machine computations are
given.

AMR #6984 (1964)

77. Deforest, AXU. and Hopkins, L.W., "The Testing of Wire Rope and
Rope Wire,"American Society of Testing Material, 1932.

Requirements for endurance tests are given in terms of the lo-
cation of the maximum stress, length of the stessed portion, fre-
quency of the stress and wire shape. Criterion for the end of a test
is given in terms of number of wire breaks occuring in a foot. Breaks
are classified according to location within the rope of the break. A
warning is given that stress analyses must take into account chan-
ging conditions within the ropc.

78. Derevinskii, I.L., "The Determination of the "pull" and the
Figure for the Equilibrium of a Wire-Wove Cable in Space Under the.
Action of the Forces of Gravity and Aerodynamic Loads' (in Russian)
Trudi Karagandinsk. Gorn. In-ta no. 2, 245-267, 1958; Ref Zh. •hh.
no. 2, 1960, Rev. 1606.

The problem given in the title is investigated while making the
assumptions that the aerodynamic load is directed along the projec-
tion of the velocity onto the plane normal to the wires and the't its
intensity is determinable by the formula n (sin0 - kcos0), where no
and k are constants, while no depends on t~e velocity of the flcw,
horizontal and constant along the cable and 0 is the angle of at-
tack. With these assumptions, the problem merges with the soluticu
of a linear equation.

AMR #2988 (1962)
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79. de Silveira, Feijo A. H., "Examination of a Steel Cable," Bol.
Int., 1953, 4, Jan, pp 12-29 (in Portugese).

Examination of an apparent fatigue failure of a carbon steel
cable which had caused an accident on the Pao de Acuar (Sugar Loaf
Mtn in Rio de Janeiro). Bend tests produced failure of the rope in
nine (9) cycles.

80. Dinnik, A.N.;' Papers ,,w the mining industry (in Ru.sian),"
Mascow, Ugletekhizdat, 195/, 195 pp. + illus. 6r. 90K; Ref. Zh.
Mekh. no. 3, 1958, Rev, 3303

Papers included in the compenJ.um deal with various matters
concerning the mining industry: the application of the theory of
elasticity to the solution of pro'blems related to management of mine
rocfs! the dynamic stre;ses in h-viing cables; the strength of haul-
ing cables, the danger of resonance in winding machinery equipped
with bicylindro-conical drums, the distortion of mine shafts, etc.
The compendium does not inzlude papers bearing on the subject pub-
lished by A.N. Dinnik, as for instance: On the vibration of wire
of varying toughness [Izv, Ekaterinoslavsk. Corn. In-ta, 1914, no. 1];
Dynamic stresses in a hauling cable when the top end unexpectedly
stops [Yuzh, Inzhener, 1917, nos. 3, 4]; Dynamic stresses in a hauling
cable during an evenly accelerated motion of its top end (Byul.
Ekaternoslavsk, Gorn. In-ta, 1918]; Dynamic stresses in a hauling
cable [Nauka na Ukrine, 1922[.

AMR #4880 (1959)

81. Diratsu, V.S.,"Determination of stresses in the strands of
spirally wound steel cables by the electromagnetic method (in Russian),"i
Nauch, zap. Odessk. politekn, in..ta 1, 64-82, 1953; Ref. Zh, Mekh. no.
12, 1956, Rev. 8689.

The study is experimental and is devoted to the determination
of the distribution of load between the separate layers of wire-wound
cables, simply twisted under the influence of stretching by the load,
producing plastic deformation of the wires. Investigation was carried
out on samples of double layer cables of two types: (1) having equal
angles of hoist of the wires in the windings, (2) having ijentical
pitch in the twist, The test method is based on the change of the
magnetic properties of the wire as the result of plastic deformations.
The formation of the mageto-mechan4al characterip'tics of the wires was
accomplished by means of the comparison of the losses on the reversal
of magnetism in the sample and in the calibration standard. Tests were
made both on the whole cable and on the separate windings. The re-
sults of the investigation permit the deduction to be made on the
more even distribution of loading between the separate wires of the
cable, arising from the condition of the equality of the angles of
twist of the wire- in the separate windings, by comparison with cables
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having identical pitch in che twist of the wires of the windings.

AMR #3488 (1958)

82. Dodson, M,; Veazie, W.11.; Fries, R.H.; Gibson, P.T.; and Cress,
H.A., "Investigation of Wire Rope Service Requirements and Design

Parameters," Final Report to Naval Ship Systems Command, Department
of the Navy (Contract No. N-00014-68-C-0492) ONR - 291-015/5-6-68
(Code 485), August 29, 1968, Bailelle Memorial Institute, Columbus
Laboratories).

Designed as overall picture of Navy's use of wire rope and to
provide understanding of problems being encountered in the areas of
physical hazard with failure in operational equipment, loss of time
and material, and increasing costs of wire rope. Visits to Naval
Shipyards and other installations whichýwVlre rope - to discuss problems.
Reviewed wire rope research and testing programs conducted by Naval
Laboratories.Review of basic specifications.Study of Supply System
and design criteria. Recommended solutions to problems. Some con-
clusions were:(a) specifications are not adequate to uniquely specify
a wire rope, (b) design specifications are outdated and are based on
incorrect assumptions, (c) lubrication practices are non-uniform and
often lubrication is improperly performed or neglected, (d) standard-
ization of equipment is virtually non-existent; (e) lack of communi-
cation among Naval activities working with wire rope; (f) carpenter
stoppers in use currently do serious damage to wire rope at high loads -

racommends modifications to existing designs and proper use of stoppers;
(g) much of the experimental wvrk which has been done of questionable
value due to uncontrolled variations in test parameters.

Damage to wire rope is due to operation with associated equipment
is greatest when rope operates over sheaves of too small a diameter;
several examples of broken wires in ropes. Problems cited in eleva-
tcr ropes which had varying load-elogation relationships because
different vendors supplied the ropes. Impact loads and abrasion
responsible for short lives of aircraft arresting gear.

Design specifications do not consider adequately bending stresses
nor dynamic loads. Braided nylon rope considered a preferred sub-
stitute for wire rope for mooring, cargo handling, towing and messenger
lines. Foreign made wire rope is considered to create problems for
ultimate user due to non-uniform preform, workmanship, and diameter.
Suggested that terminology in the general specs be changed from the
archaic mild-jow, improved-plow, high-grade plow-steel, etc1to the
ASTM, ASM or MIL Spec material designation. Recommended are control
of manufacturing techniques,where performance of the end product is
affected,e.g., source of the material, the wire drawing techniques,
stranding and closing techniques. Recommends the development of a
consolidated design document to provide design engineers with proper
and adequate information on wire rope selection and the design of
associated equipment. Recommends initiation of wire rope research and
test programs to determine (1) optimum construction of wire rope for a
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given application; (2) whether ropes .i1.ý .i.,,, ccre or independent
wire rope core have best endurance for underway replenishment. Also
the chemical compositicAof the actual wires should be indentified
and properly specified. Stranding and closing techniques which produce
rope with best fatigue life should be specified.

Investigations should be conduted to determine the bending-
fatigue performauce of electrolytic zinc coating compared to that of
hot-dip galvanized.

The above should involve basic considerations involving use of
aluminum coated wire rope in Naval application (ALVIN utilized
aluminum coated wire rope).

83. Dollins, C.W., and Betzer, C.Eo,"Creep, fracture, and bending
of lead and lead alloy cable sheathingS' Univ. Ill. Engng. Exp. Sta.
Bull. 440, pp., Nov. 1956.

84. Domes. V., "Design and Measurement of Drawing Die Profiles,"
Stahl and Eisen, Vol. 71, pp. 1147-1148 (1951).

85. Donandt, Hermann, "On the Durability of Cable and Cable-Wire,"
(in German), Arch. Eisenhuttenw. 21, 9/10, 283-292, Sept./Oct 1950.

Author disoussess use of fatigue strengths in tension and in
bending as based for selection of wire cables for specific applications.
Analytic treatment is simplified by assuming that individual wires act
independently. He compares results given by his method with standard
German practice in applications to mine elevators, building evelators,
cranes, and cable-suspended conveyers. A qualitative discussion of
additional stresses resulting from twisted construction of actual
cables is given. He concludes that practice of basing design upon
ratio of maximum stress to ultimate strength of the material is more
misleading for cables than for other machine parts.

AMR #1971 (1951)

86. Dong, R.G., and Steidel, R.F., Jr.," Contact stress in stranded
cable,* Exptl. Mech. 5, 5, 142-147, May 1965.

An experimental study of interstrand contact stresses existing in
a stranded cable while it rests in its suoporting clamp has been
made using the stress-freezing photoelastic technique. Comparing
the results with the Hertz contact-stress theory made it possible
to establish criterion for suspension-clamp design.

AMR #3960 (1965)
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87. Dorodynkh, B.N.,"A method of calculation for the parameters of
the setting of deforming device when making doubly wound cables (in
Russian),* Izv. Vyssh. Uchebn. Zavedenii: Gorn. Zh. no. 9, 105-114,
1959; Ref. Zh. Mekh. no. 10, 1960, Rev. 13894.

The stress analysis carried out by the author demonstrated that
the magnitude of the residual stresses is less than the stresses
produced in the wires when cables are being made by the usual tech-
nological process. This fact is used by him to explain the increase
in the life of deformed cables.

AMR #7034 (1962)

88. Dorodnykh, B.N.,'"On the determination of stresses produced in the
fashioned wires when manufacturing cables of closed construction (in
Russian),"Izv. Vyssh. Uchebn. Zavedenli: Gorn. Zh. no. 8, 118-124, 1959;
Ref. Zh. Mekki, rio. 4, 1961, ,ev. 4V 439.

Formulas are gives for the determination of stresses due to
flexure and torsion in the elasto-plastic region produced in the
fashioned wires during the making of cables. It was shown that in
order to raise the service life of cables of closen construction it
is essential to reduce the twisting stresses by the choice of suit-
able dimensions for the profile by decreasing the angle of twist of
the wires in the cable and by making use of the method of predeform-
ing the wires both in fashioned and in round sections.

AMR #2027 (1963)

89. Doyle, J.E., "Wire Under Tension and Transverse Forces", Philo-
sophical Magazine, 1937 (vii), vol. 23, No. 158 pp. 1114-1128.

90. Drucker, D.S. and H. Tachau, "A New Design Criterion for Wire
Rope," J. App. Mech., Trans, ASME 12, (1945).

Proposes a dimensionless bearing pressure as the proper parameter
for choice of wire rope. The significance of this parameter is
evident in plots of cycles to fatlure vs the bearing pressure ratio
which shows a well defined curve for several ropes of 6 X 19 and
6 X 37 construction. The scatter is considered less than might be
expected using the usual test parameters.

91. Drucker, D.C. and H. Tachau, "A New Design Criterion for Wire
Rope" Journal of Applied Mechanics, March 1945, pp. A-33 - A-37.

This paer shows that a dimensionless bearing-pressure parameter B -

2T/U.d.D. (where T: Tension in wl.re rope, U: ultimate tensile strength,
d: diameter of wire rone and D: pitch diameter of sheave) is of prime
importance in the proper cboice of wire rope.

39



92. Dull, R.G., "Rope Wire for Today's Applications," Wire and Wire
Products, 41, pp. 1642-1643 (Ocuiber 1966).

93. Dunsby, J.A., and Thurston, F.R.,"A note on the effect of very
infrequent load range changes on cumulative fatigue damage," Nat.
Res. Counc, Canada, ,v:ro. Rep. LR-331, 10 pp. + figs., Feb. 1962.

It has bcen confirmed eyperimentally that the infr2quent inter-
polation of a changed load range on a basic fatigue loading can re-
sult in large changes in endurance which are not predicted by existing
theoi's oi :ziulative damage. Several of the parameters involved
have becan investigated and a new hypothesis is pL,-'Jsed which under
certain circumstances enable3 these changes in endurance to be estimated
from basic fatigue data. The results have obvious relevance to the very
significant effect of landing loads or the fatigue endurance of aircraft
structures,

AMR #5847 (1962)

94. Eles, E.G., and Thurston, R.C.A.,"Fatigue properties of materials,"
Ocean Engineering 1, 2, 159-187 (Dec, 1968).

Paper is a general, compressed discussion of standard metallurgical
and engineering aspects of fatigue concentrating on crack initiation
and propagation work. A special section iS devoted to environmental
effects, followed by a consideration of fatigue properties of materials
of likely use in marine applications, eog, submersible vessels, off-
shore platforms, marine shafting and wire rOpe. Materials treated are
ultra-high strength steels, aluminum alloys, titanium alloys and com-
posite materials. Reviewer thinks too much space is devoted to estab-
lished background. Section on reinforced plastics could have been ex-
panded to give more quantitative detail especially comparing reinforced
plastics with alumir, m alloys in the notched condition. Significant
omission is carbon fiber -ceinforced plastics which may be the source
of abrupt technical breakthirough which authors consider unlikely.

AMR #1088 (Feb 1970)

95. Egawat., and Taneda, M.,"I!xternal pressure produced by multilayers
of rope wound about a hoisting dr",,l133-138, June 1958. (Bull. JSME 1, 2).

Relationship between the pressu - of a wire rope wound on a hoisting
drum and the number of layers wound on the drum is deT~ved. Numerical
results are plotted for typical combination of parameters. Experimental
results from resistance strain-gageings on a model hoisting gear check
well with authors' theory.

AMR #267 (1960)
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96. Elgerd, O.I.,"Transient suspension forces cussed by broken trans-
mission line conductors,*J. Franklin Inst. 275, 3, 227-245, Mar, 1963.

A method is presented by means of which transient suspension forces
caused by broker transmission line conductors may be predicted. These
forces could be -zomputed from a system of partial differential equations
but because of the complexity involved no attempt has ever been made.
Data have instead been obtained from full-scale field tests. It is
demonstrated that the problem is amenable to prediction by means of
aaalog computer. In addition, the technique is applicable to the
important case where the line is subject to hurricantwind forces, a
case which ciearly cannot be studied experimentally.

97. Elsworth, W.M., "General Design Criteria for Cable Towed Body
Systems ursing Faired and Unfaired Cable," CPI (Cleveland Pneun.tic
Industries), (October 1960-TN-6634-1.

98. Elton, M.B., "Radiographic Field Tests Reveal Vibration Fatigue
Breaks in High-Voltage Power Conductors," presemted at Society for
Nondestructive Testing, Los Angeles, Calif., March 23, 1961.

99. Elton, M.B. and A.R. Batiste, 'Vibration-Fatigue Breaks Revealed
by Instant X-Ray," Elec. Light and Power, Vol. 43, pp. 44-46, Sept. 1965.

100. Engel, E.," Bending stresses of a rope on an elastically lined
roller (in German),"Ost. Ing.-Arch. 11, 3, 238-243, Nov. 1957.

An approximate method is presented for the determination of the
load distribution (assumed to be parabolic) between a rope and an
elastically lined roller. The numerical results are sufficiently
accurate for practical purposes in vitw of the uncertainties and
idealization inherent in a more rigorous analysis. As a justifica.-
tion, two numerical examples are presented and compared with an
exact theory due to Czitary,. Agreement is satisfactory for prac-
tical purposes.

AIMR #1123 (1960)

101. Engel, E.," Calculation of rope pulleys with the aid of matrices
(in Cerman),"Stahlbau 31, 4, 97-102, Apr. 1962.

This paper considers a spoked pulley, either driven or not driven
jy a rope. By the use of matrix algebra, the author is able to give
a concise and elegant analysis. A standard sector containing one spoke
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is first considered, and tht moments, forces, and deformations at
the two ends of the sector are related through a matrix equation.
This equation is applied recursively aroung the entire wheel, result-
ing in six linear equations whose solution yields the solution for the
entire wheel. A conclusion of the analysis is that deformations can-
not be neglected in the determination of stresses.

AMR #925 (1963)

102. Engel, E.,"The torsional tendency and torsional stiffness cf

cables, (in Germanj,"Ost. Ing. Z. 1, 1, 33-39, Jan. 1958.

Mathematical treatment of torsional phenomena in cables used for
cranes and rope-railways. Various types are analyzed with respect to
the way the cable is made of the composing wires. Making several
simplifying suppositions author derives formulas for a first-order
theory, giving a linear relation between the torsional moment and the
tension. A numerical example is added.

AMR #1885 (1959)

103. Engel, E.," Twisting of wire ropes and their torsional rigidity
(in German),"Ost. Ingenieur Z. 1, 1, 33-39, Jan. 1958.

The twisting effect of a tension force on wire ropes is discussed.
Relations are derived between the tension force and the induced
twisting mement and between the moment and the angle of twtst. The
torsional rigidity of the wire rope is then given by the ratio between
the moment and the angle, as usual.

AMR #71 (1959)

104. Evaluation of Wire Rope, "Evaluate, Test, and Manufacture an
Improved Wirt Rope and Cable," Metals and Controls, Inc., Attleboro,
Mass., Qtly Report No. 6, Contract No. S-922232 (Dec 31, 1966).
Available: DDC as AD 807 266L.

105. Fatigue Research on Steel Wire, (Engineering, 1935, vol. 139,
June 7, pp. 603-604). An eeitorial summarizing recent research on
fatigue of steel wire.

106. "Fatigue Testing of Wire", Aircraft Engineering, 1934, Vol. 6,
pp. 251-253: Engineer, 1934, Vol. 158, Aug. 17, pp. 167-168: Engineering,
1934, Vol. 138, Aug. 10, pp. 139-140: Wire and Wire Products, 1935, Vol.
10, July, pp. .- Z,74, 284-285.
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107. Fayoux, p.," Equilibrium of a cable tinder generalized forces
(in French),4 Ann. Ponts Chauss. 125, 3, 270-282, May- June 1955.

Blondel's solution for a loaded cable is extended to include the
effects of arbitrary loading and temperature variation with a non-
homogeneous cable material.

AMk #696 (March 1956)

i%. Foppl, H.,4 The evaluation of macroscopic resitd..' stresses in
cyliadrical bars,"J. Iron Steel Inst. Loand. 168, part L, l5-2U, May
1951.

Paper deals particularly with residual stresses produced in plastic
deformation of surfaces by shot-pe'-ninp or surface-rolling. Author
measures residual stresses in shot-p!,enin- oi ;,rface-rolling. Author
measLres residual stresses in shot-pciine(. bars, destroying, by etching
away, the plastical deformed part (cylindric surface), until only the
elastic part (core) is retmined. Length changes vs. removed thickness
rises first linearly, passes a maximun point, and gradually approaches
the horizontal. Author's new experiments are more accurate than previous
ones [Mitt. Wohler-Inat., 112, 557, 1949, Braunschweig.). Considering
"soe recent experiments in the straining of metals, and "intermediat-
layer" is introduced, a discontinuity between the biaxial plastically
stressed surface and the triaxial elastically stessed core in which a
"stress reversal" in the plastic deformation takes place. Riesi:•z:al
stresses are calculated from strains i4 principal axes and Hooke's law
introducing strain ratios for surface and core, 8 sCeLs and ,=erk/eak.
Calculation is possible even if the strains are measured in only one
directic-, Author's equation reduces to heyvr-Sachs if Poisson's ratio
is 0 (both strain ratios are zero, too). Calculated core stresses are
&uch greater in axial than in radial direction, implying negative radial
or tangential strain, i.e., ' k < 0. In the surface S s>0. Author
assumes both S constant (error 10Z, better than with v - G). The assumed
E are altered so that both conditions of equilibrium are f4Ifilled.
Sachs' formula only fulfills one, giving inaccurate values for *,s:gential
an. ,adial stresses. As it does not consider the stresses in the third
axis, Sachs' formula is only valid for ring-shaped c-•-; se~tion In which
the radial stress can be neglected. Author says ;,
tne reiroval of cylindrical layers instead of borink
them out. Future research will show if it is preferable to replace
achs' formula by a more complicated calculation or to measure dir#LliV
the stresses in the core by other experimental techniques. The c-.x--
lated values show the plausibility of assuming a biaxial state ii t'•
surface and a stress reversal at 0.013 in depth. A very fine and Inter-
esting paper.

AMR 04097 (Nov 1951)
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109. Francis. A.J.,"Analy. s of suspension cable behaviour;t Enginecc
219, 5709, 1094-1101, June A96 5.

Approximate equations are derived for deflection u., cajIes with
concentrated loads. Two sets are derived, one in which tne loads are
small compared te the cable weight and the other in which the loads
are large. Load-deflection curves from the two sets of equations are
compared to a numerical solution in which neither approximatior, is made.
The numerical curve fits smoothly in the approximate curves at the
small and large load extremes, with only a small icterrmediate r~.xge of
loads where the approximate expressions differ slightly from the
numerical solution. The paper is lengthy and the approximate expressions
are not conveniently sumarized, so that the reader must inv.st a great
deal of time to use the resu]ts.

AMR #6631 (1965)

110. Francis, A.J.,'Siogle cables subjected to loads,"' Civil Eagng.
Trans. CE 7, 2, 173-180, Oct. 1965.

A simple approximate procedure is presented for the determinaLion
of two types of cable property; (1) the over-all flexibility of a
cable carrying any given system of loads when the distance between
the ends is altered; (2) the defl---ions ot such a cazle when iurther
,)ads are added. The method is --. on a simple basic equation and
leads to a single formula coverirf - complete range of values of
the ratio - applied loads/".-..',:.t o: cable. The errors involved in
problems of type (1) are small even when the ratio of sag to span is
large and the cable is steeply inclined to general direct' in i the
applied loads which need nc., be parallel. For prablems cf type (2),
the method is accurate only ior parallel loads.

AMR #3477 (1966)

111. Francis, i.L., "Studies of the Wire Drawing Process. VII.-- The
Application of Metalllc Coatings as Lubricants, with Special Reference
to the Drawing Properties of a Lead Coated Austentitic Chromium Nickel
Steel." Iron and Steel Inst., Carnegie Scholership Memoirs, 1934, 23,
pp. 47-63.

112. Franke, E.A., '"esting of Wire Rope for Load Lifting Service,"
DRAiT, Vol. 13, .No. 3, Mar 1962, pp. 14-i116.

Describes a test installation fo: determinatlon of resistance to
repeat impact tensile stress alone and in coubination with other types
of stress. The i-pact stress at the start of the lift operation is
considered the main reason for ropes failure.
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113. Frictlon on Cables, Avoiding, friction on curved prestressing
cables, Concr. Constr. Eugng. 52, 3, 109-112, Mar. 1957.

AMR #3994 (1957)

114. Friedman, Edward, "A Tensile Failure Mechanism for Whisker

Reinforced Composites;' 22nd Mnual Meeting of the Reinforced Plastics

Division (Shoreham Hotel, Washington, D.C.).

An analytical modei of tensile failure of untaxially oriented

discontinuous fiber reinforced composites is developed for loading
in :he fiber dicection. The model simulates the failure mechanism
resulting fro. an accumulation of fiber fractures. Statistical dis-
trrbution functions characterizing fiber strength and geometry are

employtd in order tat the =odel may be utilized in the study of tensile

failure of wh-sker reinforced composites. Specific forms of the dis-
tribution functions are used to obtain quantitative results regarding

thý effects oi the properties of the constituent materials on com-
Sposite strength. Tensile tests performed on single-layer glass and

Sboron compozite , cimens indicate that the strength of a diacontinuous
fiber composite can approach that of the corresponding continuous fiber

composite, as predicted by the analytical. model. An 'xample is presented
which applies the model to failure of alumina whisker-epoxy resin com-
posites, making use of the avaiJlble data on whisker properties.

115. frieling, G.H., "C-Clad: A iew Corrosion - Resis-ant High-
Strength Ocean CaMe- Mateticl," Wire and Wife Products, Vol. 40,
221-231, February -.j65.

116. Fulweiler, W.H., "Inspection and Some Tests of Some Worn Wir.%.

Ropes," Journal of Research, Bureau of Standards, July - Dec., 1936,
Vol. 17 pg 401,

Evaluated 229 specimens obtained from 79 worn wire ropes. Actual

aisd estimated strengths based on Roebling Co. charts were found to be
in close agreement.

117. qab~ielli, G., Antona, E., and Massa, P.,"Experimental deter-

mination of the modulus of elasticity c' cables for aeronautical use
(in Italian),"Atti della Accademia delle Scienze d3 Totlno 100, 6a,
781-793 (1965/55).

iaper presents test results of elongation of steel cables under
lced, which may be useful to designers. The problem probably warrants

fundamental investigation by taking measurements of all deformctionF of

the cables and wires.

ANR #7039 (1967)
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118. Gambreel, Jr., S.C. and Case, R.O., "New Machine for Accelerated
Fatigue Tests of Wire Rope," Wire and Wire Products, Vco. 43, 46-9
(June 1968).

119. Gatts, R.R.," Anpplic4"on of a cumulative damage concept to
fatigue, ASME Trans, 83 D (J. Basic Engng.) 4, 529-50. Dec 1961.

Author proposes a hypoutesis for damage based on the following
assumptions: (1', The instantaneous endurance limit Se decreases
1u~ing repeated loading with tte stress amplitude S, if S•,Se, cor-
responding to a z-amage function that represents in some way the quantity
ci r-cov,:tablr 35torr s•in endz.g> pet cycle: d&'eidn d - k(S-Se) 2 .

-The instaut&.ieju st.atic strength Sf decreases proportionally with
thie andurance limit, Se='CSf, until the stress amplitude is reached,
f-fS, and failure occars, This assumption is somewhat weak and not

in good agrieement with 7 -t ri sJ?!s An equatiorn is obtained for the
;-N i.°gram with colstant stress amplitude Se0 for infinite life: kN - I/
(S-Se) - 1/(, C). This corresponds to the common empirical equation N(S-
Seu) - constant with an additlnal member that improves the curve for
higher values of S.

In the second part of zh. paper nondimensional parameters are used
with good result to set up a composite plot if S-N data for normal
rotating bending tests of various steels. With the same parameters
a general concept of cumulative damage is given and compared with other
theories.

120. Gibbons, T, and C.O. Walton, "Evaluation of Two Methods for Pre-
dicting Tow ltne Tensions and Configurations of a Towed Body System
using Bare Cable" David Tayloz Model Basitv, Report 2313, December i966.

Two alternative methods for predicting steady-state configurations
and rowllne tensions are evalulated by comparing predicted data with
experimental data, Between the two methods, Method I is shown to pro-
vide better overall predictions of cable tension, cable %ngle at tow-
ing ship, and body depth for the bare-cable case. The best agreement
between the experimental date irnd the data predicLed by Method I is
obtained with a cable drag coefficient of 1.5 and a tangertial force
factor of 0,02. Method I is the one described In DTMB Report 687
"Tables for Computing the Equilibrium Configuration of a Flexible Ceble
in a Uniform Stream" by L. Pode. Method 2 is due to L.F. Whicker "The
Oscillatory Motion of Cable-Towed Bodies" University of Califtruia,
Series 82, May 1957. The two methods are essentially the same but
differ in the loading functions which are used.

121. Gibbons, T. and C.O, Walton, "Evaluation of Tw• Methods for
Predicting Towline Tensions and ConfIguraticn of a Tewed Body System
using Bare Cable," DTMB Report 2313, 1966,
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122. Gibson, P.T., et. al., "Analytical and Experimental Investigation
of Aircraft Arresting-gear Purchase Cable," under Contract N-156-47939
for Naval Air Eng. Center, July 3, 1967.

123. Gibson, P.T., G.Ho Alexander and H.A. Cress, "Validation of
Design Theory for Aircraft Arresting-Gear Cable," prepared under
Contract NOW 65-0503-C for Nav. Air Systems Command, Jan. 19, 1968.

1214. Gibson, P.T. and RA. Cress, "Analytical Study of Aircraft
\%-resting Gear Cable Dcsign," under Contract NOW-64--0461-f for USN
Nav Wens, May 2S, 196f.

U.5, Gibson. PT. and Cress, HA., "Torsional Properties of Wire
kope," ASM Ppear 69-DE-34, New York, Jan. 30, 1969

For a wi:- rope to be used to the fullest advantage, its operating
cLar..cteristics imust be lerstood by the design engineer. One char-
acterls:ic which is often troublesome is the torque that is developed
when a wire rope is under a tensile load.

Discussed are the techniques used to accurately calculate the tor-
sional properties of almost any common wire-rope construction. A
simplified analysis is developed for wire ropes composed of single-
operation strands which alows the calculation of torque knowing only
thE rope diameter, rope lay, and strand lay.

Experimental data presented for 18X7 nonrotating wire rope reveal
the influence of rotation on the developed torque and on the breaking
strength of this construction.

126. Gill, EL.T and Goodacre, R., "Some Aspects of the Fatigue Pro-
perties of Patented Steel Wire", Journal of the Iron and steel inst.,
1934, No. II, pp, 293-323.

Indicates that properties of wire in bending fatigue, i.e., the
fatigue limit, are chiefly the properties of the surface. For higher
percentage reductions, the effect of C content 13 completely obscured
by the effect of the decarburized surface, Felt that the fatigue
limit of non-decarburized wire higher than decatburized wire, felt
that the endurance limit was less.

127. Gill, E.T. and Goodacre, "Some Aspects of the Fatigue Properties
of Patented Steel Wires, Part III, Note on the Effect of Low-Tempera-
ture Heat Treatment on Decarburized Wires," Iron and Steel Institute,
Carnegie Scholarship Memoirs, 1936. Vol. 25. pp. 93-100.

i L tinuit's ntLae in an investigation of the effect of low-tempera-

,rc iheat-treatp'ent nm the f:,'tiouc x'nweri .ks o, .ii - 'r. - n tree from

47



decarburization have already been published in an earlier paper in
this series, and it was considered that it would be advisable to carry
out a similar investigation upon decerburized material. The same steels
were used as before - containing 0.37, 0.55, 0.79 and 0.86 per cent of
carbon, respectively - drawn with varying reductions between 34.5 and
90 per cent. and tempered at 150%, 200%, 300%, and 4000 C. The criterion
of the occurrence of decarburization was the presence of an envelope of
free ferrite in the rod visible at a magnification of 100; the visible
depth on the finished wire was found to vary between 0.0005 and 0.002 in.
The results shGw that, although the general mechanical properties euggest
a similiar trend for both conditions of surface, the fatigue properties
of the decarburized wire after low-temperature heat-treatment are very
different from those of the corresponding material free from decarburi-
zation. The fdtigue limits become erratic, especially for the higher
carbon contents. There ppears to be an optimum carbon content giving
the best fatigue-resisti..g properties; an increase above this value
actually givet, lower limiting-fatigue-stress values after heat-treatment.
As the carbon content increases, the tempering temperature to obtain the
best fatigue-resisting properties must be raised. The limiting fatigue
stresses obtained for decarburized wire after tempering are very much
lower than those found for the corresponding material drawn free from
decarburization, the differences for the best recorded figures for each
condition of surface being 6.9, 6.6, 10.2, and 17.9 tons per sq.
in. for the 0.37, 0.55, 0.79, and 0.86 per cent. carbon steels respect-
ively. No attempt was made to find possible explanations for the results
obtained, but it is thought that they are due to the conditions of in-
ternal stress which exist between the true structure of the material
and the decarburized skin.

128. Gilmore, William, J., "Corrosion Resistant Wire Rope," U.S. Patent
No. 3, 307, 343 (May 27, 1965).

129. Glushko, M.F.," Mechanical testing of wire ropes," !ndustr. Lab.
28, 8, 1038-1041, Feb. 1963. (Translation of Zavod. Lab., SSSR 28,
8, 981-983, Aug. 1962 by Instrument Society of American, Pittsburgh
19, Pa.).

An analysis and experimental results are given for the deformation of
steel wire ropes under an axial loLd and a twisting mement, in the cases
of pure tension, free tension, pure twisting and free twisting,

AMR #2128 (1964)

130. Git shko. Mi.F. 4Nonsymmetrtc extension and the spin phenomenon in
steel cables (in Russian),• Prikl. Mekh. 1, 5, 72-78, 1965.

An asymmetric extension of a single-layer steel cable is considere&
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which leads to a non-zero resultant mement in the cross sections.
This moment seems to revolve about the axis of the cable with a
changing position of the cross sections and produces a spiral bendinw
(cork-screw form) of the cable.

it is shown that the spin phenomenon helps natural seL-ul li-
bration of tensions in the wires of the cable if some of the wires
work defectively.

AMR #6185 (1966)

131. Godfrey. i.J., "The Fatigue and Bending Properties of Cold
Drawn Steel Wire", Transactions of the American Society for Metals,
1'41, Vol. 29, pp. 133-168.

Concluded: (1) fatigue influenced by carbon content; (2) cold
working increases fatigue limit in proportion as the tensile strength;
(3) polishing if the wire surface improves fatigue properties (4) de-
carburization of the surface causes a deterioration in properties in
fatigue. In additi'n, effects given for: galvanizing and cold work
(in bending fatigue).

132. Godfrey, H., "The Physical Properties of High Carbon Steel Rope
Wire as Affe2cted by Variations in fatenting," Wire and Wire Products,
1944, Vol. 19, Oct., pp. 635-642.

An investigation of the effect of patenting in lead at 900%,
1,0000, and I,100OF on the tensile properties of wire for wire ropes
is reported. Three steels containing 0.75 - 0.80 per cent of carbon
were used; these were hot-rolled to 0.187 in. in dia., patented, and
drawn to 0.083, 0.083, and 0.906 in. respectively, for final patenting.
In the tensile test the reductions in area were approximately the same
after patenting at 1,000* and l,100*F, and were higher ater patenting
at 900°F. The tensile strengths were approximately the same after
patenting at 9000 and 1,000F, and were reduced by patenting at 1,100*F,

133. Godfrey, H.J., "The Physical Properties of Steel Wire as Affected
by Variations in the Drawing Operations," Proceedings of the ASTM, 1942,
Vol. 42, pp. 513-526; Wire and Wire Products, 1942, Vol. 17, Dec.,
pp. 704-710.

The Physical Properties of Steel Wire as Affected by Variations
in the Drawing Operations. H.J. Godfrey. (Proceedings of the
American Society for Testing Materials. 1942, Vol. 17, Dec., pp. 704-
710). The author describes an investigation of the properties of an
0, 7 per cent carbon steel wire drawn to 0.218 in., patented, and then
diawn with 40 per cent, 30 per cent, 20 per cent reductions.
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134. Goldstein, A., and Brereton, C.F.,"Some notes on the fatigue
resistance of corroded prestressing wire,"Struct. Engr. 39, 10, 332-
339, Oct. 1961.

Some data are presented on decrease in fatigue strength of cold-
drawn steel wire (for use in prestressed concrete) due to pitting
corrosion by salt spray. Excessive pitting produced as much as 60
per cent decrease in 107 .cycle fatigue strength.

AMR #4623 (1962)

135. Goodacre, R., "Some Aspects of the Fatigue Properties of Patented
Steel Wires, Part IV. A Study of the Endurance Properties at High
Stresses," Iron and Steel Institute, Carnegie Scholarship Memoirs,
1936, Vol. 25, pp. 111-139.

Under certain conditons of service, cold-drawn wire may be sub-
jected to alternating stresses, the magnitude of which is considerabley
in exzess of the limiting fatigue stress for the material, and con-
sequently some knowledge of its behavioir' under such conditions is
very desirable. Attention was given to this aspect of the fatigue
properties of wire is the first paper of this series, and in the work
described in the present memoir a study was made of the effect of
alternating stresses of high magnitude upon cold-drawn wires. The
materials investigated cover a range of steel-, the carbon contents
of which varied between 0.36 and 0.86 per cent drawn from both lead-
and air-patented rods. The amounts of drawing varied between 25 and
90 per cent reduction, and paralled tests were carried out on normal
decarburized material and on wire which had been drawn free from de-
carburization. All wires were tested at 0.080-in. dia., and the
ranges of stress were so chosen that facture occurred after approxi-
mately 20,000 - 100,000 repetitions of stress had been applied, the
Haigh-Robertson machine being used. Tensile and bend tests were also
recorded for each wire. From the results obtained it is concluded

that whilst at very high stresses decarburized wire has the superior
endurance, in the ranges which are likely to be met in service wire
free from decarburization is superior,

136. Goodacre, R., "The Effects of Heavy Oils and Greses on the
Fatigue Strength of Steel Wire," Engineering, 1935, Vol. 139, May 3,
pp. 457-458; Wire and Wirc. Products 1935, Vol. 10, Oct., pp. 473-475.

An account is given of experiments conducted in order to ascertain
the effect of heavy lubricants on the fatigue strength of steel wire
having a carbon content of 0.55 per cent and a limiting fatigue range
(in air) of 23.7 tons per sq. in. It was discovered that the
fatigue strength improved with increasing viscosity of the oils up

L -,, :L , ( '
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to a certain limit, when there was a marked fall. The author suggests
that the improvement in fatigue strength cannot be solely attributed to
the exclusion of air (and hence diminution of corrosion fatigue), and
considers that the oils may have the effect of filling up the surface
blemishes on the wire itself, thus delaying failure. It was also noticed
that the oils improved the endurance at stresses above the fatigue limit.

137. Gormally, J.M. and Pringle, R., "The Analysis of Mooring Systems
and Rigid Body Dynamics for Suspended Structurqs," Bell Telephone Lab-
oratories, Inc., Whippany, N.J., Tech Report 14, Contract N00014-66-C-
0005 (December 30, 1966). Available: DDC as AD 666-615.

138. Gough, H.J. and Sopwith D.G., "The Influence of the Mean Stress
of the Cycle on the Resistance of Metals to Corrosion-Fatigue, Journal
of the Iron and Steel Institute, 1937, No. I, pp. 2 93 p- 313p; Discussion,
3 40 p- 3 51p.

Whilst much attention has been devoted to the resistance of
materials to corrosion fatigue under cycles of reversed stress, no
work has hitherto been carried out on the equally important practical
cases of repeated or fluctuating stresses. This paper describes the
results of tests under these conditions made on six aircraft materials,
the behaviour of whicb under reversed stresses has previously been
reported. These comprised a cold-drawn 015 per cent carbon steel,
three stainless steels, duralumin, and a magnesium alloy containing
2 1/2 per cent of aluminium. These were tested in 3ir, also in a
spray of 3 percent salt soultion, under cycles of repeated and of
fluctuating stresses.

The results show that, as in air, the fatigue resistance of a
matherial in a corrosive envirronment is considerabley influenced I
the mean stress of the applied cycle. As in the case of reversed
stresses, no corrosion-fatigue limit was indicated for any of the
materials. If the range for any given endurance is plotted against
the me;an stress, the form of the curve obtained is in general similar
to thie obtained in air, using the fatigue limit in place of the en-
durance range.

139. Groover, R.E.; "Analysis of the Failure of the AUTEC TOTO II
Deep Sea Moor and the Performance of its Cathodic Protection System,"
NRL Memordandum Report 1950, November 1968.

Contains background information on design and installation of a
wire rope three-point deep sea moor coated with bituminous substance
and protected cathodically at the critical areas. Describes the fail-
ure of the moor after 4 1/2 years and presents results of the study of
the corrosion pattern. Examination showed that where the cable was
adequately cathodically protected, the lack of a coating did not re-
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sult in severe corrosion. Recommended that better bituminous coatings
be developed and that cathodic protection be designed into the system
as a secondary defense against corrosion. Also recommended that im-
pressed current systemr be considered where adequate power is available.

140. Gursoy, A.H.,' Lateral wind on side spans of suspension bridges,"
Journal of the Structural Division, Proceeding os the American Society
of Civil EngLieers 94, STIO, 2399-2410 (Oct. 1968).

The deflection of a uniform, simply-supported truss susspended
from a pair of tower-to-anchorage cables is obtained as a Fourier
seriLes, the coefficients being derived from Virtual work via a general
equation for an, which allows n terms to be found from n linear
equations. Three dimensional parameters,c ,1, f, govern this deflec-
tion (and the shearing forces and bending imoments obtained from it).
With 0.9 of the total wind loading assumed to be carried by the truss,
coefficients for the central deflection, mements at mid- and quarter-
spans, and the tower reaction at truss level are plotted against the
parameters in sight diagrams. A numerical example is gvven; also,
the general equation for an is derived in an appendix.

The paper is intended as a design aid (the problem has been fully
computerized elsewhere). The design charts provided would serve mainly

as a guide (they are given only for two specific values of land of&).
Calculations from the general equations for an would probably be re-
quired but should not be to difficult or tedious.

AMR #6178 (Aug 1969)

141. Guyonnet, M. Chevalerias, G., and Derue, P.,"Computer solution
of moorings with several fixed points (in French),," Bulletin de 1'
Association Technique Maritime et Aeronautique no. 65, 401-423 (19%5).

The fastening of big ships in harbors is done by mooring systems
with many fixed points. Paper presents the fundamental geometric
relations of such systems having many structural components. The
numerical method for the structural analysis of such complicated
systems then is shown. Since several parameters of the equations have
to be estimated initially, the solution can be found only by an iter-
ative procedure. This procedure can be repeated easily by using an
automatic program. Authors show flow diagrams for several types of
mooring systems in full detail.

AMR #9772 (1967)

142. Hagarman, Paul and Kressley, Lin, "Evaluate, Test and Manufacture
an Improved Wire Rope and Cable," Texas Instruments, Inc., Dallas, Texa6,
Final Report (July 31, 1967). Available: DDC as AD 819-202L.
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143. Handbook of Ocean and Underwater Engineering, Edited by John J.
Myers, Carl H. Holm, and RF. McAllister, McGraw-Hill Book Co., San
Francisco (1969), "Rigging, Tackle, and Techniques: Rigging Materia.a
and Techniques," (C.H. Holm), pp. 4-75 to 4-90 and 4-125.

144. Hartbower, C.E., Gerberich, W.W., and Liebowitz, H., '3a.vestlga-
tion of Crack Growth Stress-Wave Relationships," Int. J. Eng. Fract.
Mechanics 1, 291-308 (19b8).

145. Hartb-aer, C E,, Cerberich, W.W., and Reuter, W.G., "Th-.-'retical
Mo,,el of ,crtile Fra:tur, Instability Based on Stress - Wave ".ssion,"
Final Report iron, Aerojet General Corp. to ONP, Feb. 1969.

.b•. ;i.:rtbo..xr, C.E., Gerbeiich, W-W,, Reuter, W.G and Crimminrs, P.P.,
"Stress-Wave Characteristics of Fracture Instability in Constructional
Alloys," Rep. from Aerojet ,er.eral Corp. Prepared for ONR, July 1q68.

147. Hearle, J.W S.,"On the theory of the mechanics of twisted yarns,"
Journal of the Textile Institute 60, 3, 95-101 (Mar. 1969).

The theory of the extension of continuous-filament yarns is re-
examined and simplified by means of energy methods and is stated in
essestially four equations wihich can be used for numerical computation.
The limitations and possible generalizations of the theory are dis-
cussed.

AMR #904 (Feb. 1970)

148. ieilig, R.," Statics of heavy topes (in Germau)," Stahlbau 23, 11,
253-258, Nov. 1954; 12, 283-291, Dec. 1954.

AMR 42822 (1956)

149. lei'.> R ," Theory of heavy unelastic ropes (in German),q Stahlbau
24, 1 , June 1955.

. . approximation is presented which takes into account
th • .- . exerted upon the balance ot moments at the nonelongated
rc L by the ,,rizonta] displacements as measured from the

of the weightless rope which 13 exclusively loaded by use-
This method permits the horizontal pull to be determined

w1 ..it accuracy, whereas the rope curve is not obtained, the latter
Z calculated with the aid of another method of approximation.

AMR #414 (1956)
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150. Heilmann, W., "Fatigue Tests on Wires and Wire Ropes,"
Wissenschaftliche Abhandlungen der deutschen Material preufungsanstalten,
No. 3, 1939, pp. 27-30.

151. Heller, R.A., and Donat, R.C.," Random-load fatigue tests on a
fail-safe structural model,' 1 Experimental Mechanics 7, 10, 409-418
(Oct. 1967).

Paper presents results of investigation of fatigue life and
"fail-safe" capacity of multimember redundant model structures.
Authors' previously-plublished theoretical approach, briefly re-
viewed, presents equations based on as3umption that both strength of
material and applied load can be described by exponential probability-

distribution functions. Ten-member reduadart structural models of
2024-T4 aluminum alloy were subjected to cyclic cantilever bending
loads of constant amplitude and prograied "randomized" variable
amplitude. Predicted and observed values of fatigue life to first
failure agreed closely. However, existence of "fail-safe" condition
after failure of weakest nember was demonstrated consistently in tests,
out not predicted by theory. Further work is in progress.

AMR #1011 (Feb 1969)

152. Hempel, M., "Fatigue Testing of Steel Wires," Drah•, German ed.,
1955, 6, April., pp. 119-129; May, pp. 178-183.

Discussion of: testing machines; steels used in rope, spring, and

reinforced concrete wire; endurance curves of patented steel wires;
effect of method of manufacture, heat-treatment, size, composition,
surface con)ition, surface coatings - on the fatigue properties of
wires.

153. Horton, J.L. and R.A. Yagle, "Analysis of Assumed Mooring Arrange-
ment for Maritime Class Ship" Marine Technology, pp. 257-266; July 1968

This paper deals with an analysis of wind conditions which would be
sufficient to establish the sequence necessary to cause parting of one
line, followed by parting of second and third lines and, finally, by
full failure of the mooring arrangement. Wind-tunnel tests on a model

of the ship are reviewed.

154. M.I. Handbook of Experimental Stress Analysis, Wiley,
1950

155. Hill, R. and Tupper, S.J., "A New Theory of the Plastic Deformation
in Wire Drawing," J. Iron and Steel Inst., Vol. 159 pp. 353-359 (1948).
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156. Holl, J., "The2oretical and Practical Determination of the Best
Shape of Wire Drawing Dies," liutnik (Prague), Vol. 3, pp. 130 134 (1933).

157. Holmes, P., "Mechanics of 1aisuig , I Lowering Heavy Loads in the
Deep Ocean: Cable an6 Payload Dynamics", L.S.N Civil Eng. Lab., R-433,
Apt- i 1966.

,5ý. noover, 1-uber, Mo," Wir' , t," Geomarine Technology, V-, 1 (3),
32-22 (Februtiry i ,

H59. hor .t, XL a,-r R.A, Y_,Je, "An3lysis of A-sumed Mooring Arrange-

ment for Maritime (-!ass Ships," MaLine Tenb•,,ogv, Jul, 1968.

. ',owe, Ia:twes o, "De-iitln f Stresies in Wire Rope as Applied

to :-:oc.t i Er.,Jine,, ,'Uoblhmn' 1"ransactios of the ASM, Vol. 40, pp.
'.;4&- 0.9. ;q

This paper deaLs -.4ith the derivation of fo.i.,isae to compute direct
and induced streso.!s developed in wire ropes by static or moving terion,

bending, and horizontally suspended loads.
The values for the bending stresses produced in ropes chat are

passed ovc- sheaves, as determined by the formula of ReuleauA, Rankine,
Itnwin and hiewitt are correct only for ropes composed of straight wires.

Uwing. to the twisting of the wires in the formation of modern rope,

the ictua! bending stress in it ;s much smller than in a solid bar,
aud its true value, S, may be computed by replazing in the fundamental

assumptions the moJilus of el:,4ticlty of a solic bar, with ER, the ex-

perimental value or the modulus of elastic1tv of the rope as a whole;
thus the Reuleaux fcraula be. .mes

".- . (d D)

S,, . d .l tn. . , . ,,: u , ". ic in the rope. i.,: ' te .!i-meter of

ic .r, tiir t,.v o o .- t c U! :cttcr: ,, L. .LA city

ý,oth •,tr.in- s nd I, _. ý: t-.:c . t - *, : . ;:. , 1-
i:n rtiZrk. to tý'c cu ts ,:E rv practice iIj . cd ji Q sjt I ca .i.r ls,

-r. rr.i r o are )!:,cred oný ti c rea1red OpCOrtnizanality vtecween the
.. ,,;-tcrs and Lhe sizc -e the rope, the manner of clas!;ifving

.'tts in the :..inu facturer's rope c.rt~leg, and .he special require-

ctt." in the :-- .; al ;proper.:,,s of the w-re forr-'.r. the r.pc
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162. Howell, II. G., "The Friction of a Fibre Round a Cylinder
and its Dependence upwi Cylinder Radius," J. Text. Inst. Trans.,
45, 8, T575-T579, Aug 1954.

AM #1690 (l9f5)

I6J HU, L.W.,"AnaIlsls of die profiles in wire dr.inrg,"J. Franklin
Inst. 263, 4, 317-330, Apr 1957.

A.sumin,, •tal plAstic deformation and con•iX., ng sLrain-hf-,eniug, the dra w •tr~ss, die nressure and complete stress distrib u -Lion rn a wire 1rawn throagh dies having straight, concave, convexor beLl-shaped profiles are tetermined. Bell-shaped die is foundto give the lowest draw stress and most uniformly distributed
pressure and frijc'on force between die and wire. This a~ees with
experimental evidence supplied by V. Domes (Stahl u. Eisen 71, 1147-1148. 1951).

AMR #3330 (1957)

164. Hubert, F.J.,'Simplified sag-tension equations fcr power lines,'Proc. Amer. Soc. Civ. Engrs. 88, PO 1 (U. Power Div.), 67-88 May 1962.

Paper presents a collection of empirical equations and approxi-mative formulas to calculate spaceing (lay of zble) and itate oftensions in suspended conductor cables of power lines, consider-ing ituluence of deadweight, ice load and wind load, and taking intoaccount influence of yield and creep on sag-tension relation. Authordoes nct give any deducticn or other details of thcse equatLons jutthe reader will find some indications about the percentage of errorcompared with exact solutions. The cmpovund action between steelcable and aluminum or copper wires is considered, introducting Afictitious modulus of elasticity and an adequate re'.era 3re coeffi-icient. While exact solutions of sag-tensio: pr.,-i1ems are verylaborious due to the intervention of 'asic catenaria for dean weightand parabola for wind !-)ad, jutbor lnorduces only parabolas for thesimultaneous action of gravizv and wind forces using correction fact-ors and, if necessary, adding terms of improveawnt.
The presented empiricai for,=las include t.e solution of nearlyall problems connected with practicai design o' elevated power lines.Their use will save vet', much time in compariscn with conventionalmethods but designer mst carefully check results obtained and prove

their .ufficient eractitude.

AF i1385 (1963)
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165. Hudson, C.M., and Hardrath, H.F., 'Effects of change of stress
-li;ide on L6,, LaLC of fatigue-crack propagation in aluminum alloys,"

NASA TN D-1960, 22-p. Sept. 1961.

AMR #2080 (1962)

166. Hundy, B.B,, and Singer, A. R. E., Inhomogeneous deformation
in rclling and wire-drawing,"J. Inst. Metals 83, 7 pp., 1954-1955.

Microhardness .neasurements made on copper, 70:30 brass, aluminum,
and mild steel f:,dicate that there is an analogy between the in-
homogeneity of deformation rolled strip and that in drawn wire.
Copper, brass, and aluminum all show surfacehardening when lightly
rolled or drawn. The inhomogenelty is dependent on the working
conditions, akd disappears aftf.;r moderate reductions by rolling or
drawing. The Surfce--ha:dening is caused by frictional forces acting
betWecL' the ro'If or die and the metal, and increases as the coeffi-
:"icnt of friction inciea3ss. In general, a specific surface hardness
can be associaLed with definite frictional conditions.

Rolling and •rawing also give rise to a secondary zone of hard-
enging situated between the core and the surfac.. of the metal. This
can be observed in both copper and steel, and it does not decrease
in magnitude as the reduction is increased. It is believed that
secondary hardening is associated with the tanner of deformation
during rolling and drawing, and is largely independent of friction.

AMR #16b (1956)

167. Ikeda, S., and Ueno, I.,'I Equivalent bending and torsional
rigidity of wire rope and stress induced in elementary wire of wire
rope when it is bent along the sheaved'Proc. 1st Japan nat. Ccngr.
appl. Mech., 1951; Nat. Committee for Theor. appl. Mech., May 1952,
199-208.

,he wire rope is composed of central and several side strands.
Equivalent bending and torsional rigidity of each strand being
determined, those of the wire rope are calculated. Authors then
deduce the values of the stress in elementary wire of rope bent
along the arc of a sheave, having obtained the bending stress in
central wire, bending and torsional stress in side wire, and stresses
induced Wn elementary wire of rope of centril and side strands.
Characteristic bendtnR curve iz. Orawn to show the stress induced
in bent rope.

A.M *48 (1955)
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168. Imai, M., and Nagano, S.,"Friction property of lining for Koepe
winders," Bu2l. JSME 5, 18, 381-388, Hay 1962.

Considerable analysis and experiment are expended on a device
aJnich might be considered empricial in that the friction property is
an operational-time- and temperature-dependent function. Neither
parameter was considered. Data should be qualitatively useful to
designers.

AMR #926 (1,)63j

169. Imre, C , and Takach, G.,"Calculation of anchored holding ropes
of cablewayL (in hungarian),'tiqelyepitestudomanyi Szemle 11, 2, 8]-87,
Feb 1961.

Authc'r, •a] wili tht .a'ulation of anchored holding ropes of
cablew•v7. *:?'cts of varic; load distributions and changes of
temperature ,re taken into c',nstderation.

AMR #108 (1962)

170. lIaacs, J.D., et. al. "Deep Sea Mooring;' Bull. Scripps Inst.
Ocean. Vol. 8 (3), 271-312, 1963.

171. Ishchlinskii, A. Yu.,1On an integrodifferential relation in the
theory of elastic threads (ropes) of variable length (in Russian),"
U1krain. Mat. Zh. 5, 3, 370-374, 1953. (English translation by M.D.
Friedman on file with Scientific Translations Division, Library of
Congress),

Author obtains the differential equation for the time-dependent
deformation of an end-loaded vibrating cable running over a pulley.
Weight of cable iF included.

AMR ?37 (1955)

172. Jaumotte, A., Kiedzynski, A., and Strebclle, Jr.,"Machine for
fatigue testing of a cable in tension (in Frcnch),"Rev. TiJdschr.-
Mecan. '.;erk 6, 3, 137-14k, 1960.

173. Johnson, A.A., Lewenstoin, T., and Inbembo, E.A., The efiects
of the hydrostatic pressure in a deep ocean in the mechanical be-
havior metals,"Ocean Engineertng i, 3, ý01-232 (Feb. 1969).

The nucleation of a microcrack in a metal by dislocation coale-
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scence is goerned drincipally by shear stresses and is, therefore,
to a first approximation, not influenced by the application of a
hydrostacic pressure. Its propagation is, however, made more difficult
by a hydrostatic pressure because it is governed principally by the
tensile components of stress normal to the plan;, of the crack. As a
result, aetal which is brittle at ambient pressure may become ductile

when a hydrostatic pressure is applied, i.e., the ductile-brittle
transitio-. -:Pruperat-.-e may be lowered. A simple calculation shows
that this deLrease in traiasition temperature should be approximately
proportional -o the prps~ure and should be several tens of degrees
for "'ic in !.,de of pt.,ssure found in a deep ocena. A limited number
of o'aer~nev> *rried out 4n laboratory pressure chambers and reported
in the li&r-ature show that this calcualtion is at least approximately
correct.

AMR 'f*,u,8 (I11)70)

£74. J'ohitson, W,' lie cutting of round wire with knife-edge and flat-
edge toc's, A;r.I. sci. Res. (A) 7, 1, 65-88, 1958.

Experiments are described on the indenting and cutting of round
wires between 0,063-in. and 0.625-in. diam of copper, galvanized and
straight drawn medium carbon steel, and a special steel with wedge-
shaped tools, to investigate the b3sic mechanics of the operation
Considerable use is made of some theoretically well-analyzed and an-
alogous cases in the plane-strain cutting of strip, and experimental
evidence of qualitative agreement is presented. The investigation was
carried out to determine the effect of the greatest load required to
sever matherl~l, of weige tool angle, of flat on the end of the wedge,
wire diameter and material properties; in particular the logarithm of
the greatest ruttling *cad is ý,hown to Pe directly proportional to the
logarithm of the w:re diameter The paper concludes with observations
or the physical action and consequences of cutting

AMR #4543 (1958)

i15. Jones, M.H and ',rown Jr , W.F., "Azoustic Detection of Crack
Initiation in Sharply Notched Specimens," Mater Res. 4, 120-129,
(19b9).

17b. Kachurin, K.," Fexible icpes with siall supporting points (U.
Russian),"Moscew, Goslckhizoat, 1956. 224 pp. 7r 40k; Ref Zh. Mekh.
No. 6, 1959, Rev 69`2

This is an investigation of t:iamets with small supporting points:
singi-et-pan, zmll.-span, double-landed chains made up of stiff dirks
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and their combinations with the filaments. The equations for the
curve of the suspension of the filament with a vertical load are
expressed through the deflection moments in a simple beam of the same
span, while the length of the filament is expressed through the trans-
verse forces. Both vertical and horizontal loadings arc considered.
Some more precise calculations are examined in the form of taking
into account elongations, consideration of the stiffness of the fila-
ment in deflection, and so forth. The book contains a large number
of examples. A short survey is given of the exisLing literature.

AMR #5628 (1960)

177. Kakuzen, M..' uo-almensional profile of drawing die and extruding
nozzle by p'isticity theory,"Proc. Ist Jan nat. Congr. appl. Mech.,
1951; Nat. Committee for Theor. appl. Mech., May 1952, 241-244.

Author makes various Issumptions about stresse3 ir drawing and
eXtrusion wit, rough dies and ;hows that if the coefficient of friction
is constant tLe die geometry is determined He concludes that this de-
sign correspo'nds to "or'form flow" conditions.

AMR #135 (1955)

178. Kanninen, M.F , and Florence, A L.,'Traveling forces on strings
and m',mbranes,' International Journal of Solids and Structures 3, 2,
143-154 (Mar. 1967).

The use of explosives to simulate distributed impulsive loads is
investigated theoretically for the stretched infinite string and
stretched infinite membrane. it is shown that practical explosives
abo'edetonation velocities generally s-.personic with respect to the
string and membrane wave speeds which are based on the initial tension
in the member. Criteria are established which permit one to conclude
that uniform veloc-.ty distributions are produced by the explosive ioad-
ing.

Reviewer wonders whether the tension is always constant in the
experiment described but this does not detract from present analysis.

AMR 07809 (1967)

180. Kawashimi, S., and Kimuai, h . Measurement -,f the internal
friction of metal ;i.re ropes throup" the longitudinal vibration, Mem.
Fac. LngnR. tsyushu U:1v 13, 1, 119-130, 1952.

Logarithmic Jecrements _i free lonxittdinal vibration at low and
mecium stress levels %;ei meas-trcd for several wires and stranded
cables Specimens were approximately 12 ft long, were clamped at the
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upper end, and were loaded at t'-., lower end by weights to various
steady axial stresses. Longitudinal vibrttions were initiated by an
electremagnet, and displacements were measured by an electrical
capacitance-type gage and were recorded vs. time. Free vibration
L:requencies were of the order of 10 cps. Curves showing logarithmic
dec~rement vs amplitudc for various axial loads are given for several
types of wire rope, aud are compared with values obtained for the
wire itself For the steel and copper wires tested, the logarithmic
decrements were particaily independent of axial load, while for the

multiple-strand wre i.apes, the decrements were markedly reduced as
the axial load wa• inreased. Measured decrements vary from minimum
of 0.001 to- the sreel w:re to 0A4 for a 1'4-in. 6-37 hempcore steel-

-,:E i't low 'V'eM levela

Amih U508 (1953)

181. K,•v-u, ' N., "A Cor,,sion !Fatigue Test to Determine the Pro-
A*t'vt Quel.1Ie of Metrýi: Plating," ?rc-eedings or the ASTM, 1940,

Ta, uti,'-r d'.icribe3; 4 -roslon-fatigue test tor determining

the degree of prctec i' n atforded by metalkic coatings on steel wire.
The wire tested was 0.037 in. in diameter, and was a sample of that
used to reinforce t'i bading of Tubber tyres. Fýr tht, purpose a
stress-reversal mtah~ne was used in which a length -f the wire was
bent to arc cu!vatuTe and rotat.:Id by an electric mo.or, a ".5-in
portion of the arc dipping into a bath of oil, distl'eid water, or
salt solution. The fatigue limits for 101 cycles of stress of uncoated
and copper-zinc -oated wire tested in a non-coriosiwe oil were prac-
titally identi-al. In distilled water, ccpper-zin_ plated wire was
much superior to unplated wire, and was 31so superior to bronze-plated
wire. Bronze-coated sp::ir-ens tescel in oil aiter storage for 48 hr.
in dist:lled water 1:s' aboct 65 p-r cent of !1'eir -riginal tensile
strength after 10 -y-Ies of stress and this was fýLnd to ie due to

.mbrittiement, but .hi6 embritt1emen: did n:ot occur in specimens that

had been galvan'zo, p:zi• to brcnzi platIng

182 Kenyon, J N , 'r-at -e prcperci P• of s-.ee1 rope, Mater. Res. and

Stand 2, ', 3-5v. . :t:lv :u•

Paper des -.t " , )1 a "c-t on thC c t Ia uI - p!Oper te1 -

of steel rIpt: wire ai, en t ý, u n "ands of .¢mMiercial plow steel

", Pt I' il. ! " N r -1j, . hod *'4C jv. by the au'hl r

,. porteU a : A"l !935). 1 it w_-! : a tent It t vt

u;', f ion tor nua , -t :1n .t -1 ropt. wire, I i, uh r iattempt nor
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183. Kirsanov, N.N.,oCalculation of single-span suspension bridges
for sag (in Russian),g Sb. tr. Mosk. inzh.-stroit. in-tp no. lo, 48-
64, 1956; Ref. Zh. Mekh. no. 3, 1957, Rev. 3658.

A method of calculation is described for single-span suspension
bridges with a rigid stiffening truss of constant cross section,
with consideration of the displacements of the suspension cables and
the stiffening truss. The calculation formulas for the flexures,
angles of rotation, bending moments and side forces have been obtained
by solution of the known differential equation for suspension bridges
by the mathod of initial parameters. To facilitate solution, tables
are given for the functions entering into the corresponding expressions.
Two numerical Rxamples are given.

AMR #4956 (1958)

184. Kloppel, K., and Weihermuler, H.V Nonumiformity of stresses in
prestressing cables (in German),'I Stahlbau 23, 4, 77-80, Apr. 1954.

Paper discusses the slackening of stresses in prestressed steel
members that change direction, and lose tension by friction at the
points of direction change. Authors call attention to the influence
of vibrations on the stress distribution in such members.

Experimental results are compared with an analysis based on the
decrease of tension in a cable rolled on a cylinder of given radius.
Authors show the incorrectness of the calculation procedure which
assumes equality of the stresecs at the two ends of a cable prestressed
from only one end. In symmetrical stretching, similar discrepancies
arise.

Authors also prove that it is not possible to eliminate the non-
uniformity of stresses even by applyiL- an initially higher stress,
and then by slackening. On the contrary, slackening of the stressed
end caused great variation in the force distribution for differently
directed cable lengths. They show experiwentally that the stresses
can be made uniform only by virbrating the structure, or by a smilar
procedure.

Reviewev Agrees with authors that special constructional tech-
niques are required to control the stresses in prestressing cables
which change direction, and also that design procedure should take into
account the itress variations which may occur in elements of the type
under coisidtiration.

AM #1613 (1935)

ki5. Kokado, J. Fu ,. I'>jinaka. "Inspection of Internal Impairment'ý
teel Wiru Rope yv r1ectromaenetic rNetectr% method', Metaoirs ,i

62



186, Komarov, M.S., ans Stolyarchuck, V.F.," Determination of the
dynamic loading on a hoiut rope during starting (in Russian);' Nauch.
zap. Lvovsk. politekhn. in-ta no. 29, 3-12, 1955; Ref. Zh. Mekh. no.
10, 1956, Rev 7084.

The dynamic forces in the hoisting and tail ropes of a hoist
(lift) are de~ermitied. The starting moment for hoisting the load
is discussed. The weight of the ropes and change in length of the
tail rope, and their rigidity as starting, are neglected. The
L:tating parts of the hoist are regardpd as an equivalent mass Mi,
".ferred to the xauius (2f the rope drum. The excess force F by which
Lit, system i-, set in motion, and which is applied Mi, is regarded as
(,.;stant.

On these assumptions, the problem is resolved into the solutiou
of a system of three differential equations of the second order with
C,•,•,'.• •:,ýtfficients. As a result, comparatively simple expressions

.'"aint<: fi the forces in the hoisting and tail rope. In the
particular ca.-e consxderec the stress in the hoisting rope (correct-
irg tc.c misprints) is determined by the expression:

F=c~ 4CL A 1 1

in which K1 and K2 are the roots of the characteristic tquation, 82
and m3 the masses of the load and counterweight respectively, c2 and
• the rigidities of the hoisting and tail rope respectively and Q the
ukimate weight of the load.

Analyzing this expression, the authors find two possible maxi-
mum values of the forces in Lhe rope, at cos Kit - cos K2 t - I,
and at cos K2 t - - cos Kit - 1.

It must be noted that determination of the maximum stress by these
means may prove to be impossible if (I) the ratio K1 / K2 is an irrational
number (when cos Kit and cos K2 t cannot simultaneously assume the value
of + 1 at any instant of time t); (2) the ratio Kl/F2 - ni, n2 has one
of the integersn, tr nr- odd integers, while the coefficients of the
ýosines in Lq. [* are of opposite sign; (3) the ratio K,112 - nI/n2
odd and the other even, while the coeficients of the ccs nes are negative.

AMR 12476 (1958N

187. Koppl, G., Severe mechani-al stresses imposed on single-:olumn
isolators," Brown Boveri Rev. 49, 6, 226-229, June 1962.

The mechanical eff,. t of 6hotr circuit in a two-wire conductor
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suspended from single column isolators Is studied. The wires, sep-
arated at equal intervals by spacers, are hung from isolators in a
form of flat catenary. In case of short circuit the mutual attrac-
tion of the wires is increased, causing a decrease in the sag of the
catenary and a resultant increase of the tension in the conductors
and the pull on the isolators. A differential equation for the lateral
displacemen. of the wires as a function of time is written down and
is solved for ore particular set of conditions. A graph is plotted
showing the variation of the pull with an assumed number of the inter-
wire spacers.

AMR #2649 (19t3)

188. Korber, F. and Hempel, H., "Influence of Cold-Work and Ageing
on the Behavior of Steel Under Alternating Stress," Mitteilungen aus
dem Kaiser-Wailhem-Institut fur Eisenforschung, 1935, Vol. 17 No. 22,
pp. 247-257.

The effect of the mechanical and termal ageing of cold-worked
steels on the static properties, the bending and tension-compression
fatigue strength, the changes in the dampirg capacity of the material,
and metallographic and X-ray tests are reported on. A 5 or 10 per cent.
cold defoimation without ageing reduces the notch toughness consider-
ably; thermal ageing decreased in still further. For both steels
tested (carbon 0.02 per cent. and 0.39 percent.) and both degrees of
cold work the notch toughness of the mechanically aged specimens (by
stress alternations) approximated to the valLe for the cold-worked
,mnaged specimens. This suggests that the effects of the thermal and
,.chanical ageing of cold-worked steels arise from different causes,
The inflencc of the two ageing treatments, after different degrees
of cold-working, on the tensile strength, yield point, and fatigue
strength of the two steels was not the same; for both degrees of cold
work, there was no difference between the values of these properties
of the mechancialiv aged and thermally aged specimens of the 0.02 per
cent. carbon steel; in the case of the 0 39 per cent. carbon steel, thc
properties after mechanical and thermal ageing were :he same for 5 per
cent. cold work, but after 10 per cent. cold work thermal ageing was
superior to mechanical ageing It the damping measurements the de-
pendence of the damping on the amplitude, time and deformation was de-
termined. For both materials the stable damping of the 5 per cent
cold-worked and thermally aged specimens was less tha that of those
aged mechanically; after lo per r-ent. cold work the cond~tion was rt-
versed. No alteration of stru:twre dise to tensil --comprescive stress-
ing could be observed. !y the X-rav reflection method, tCe change of
the width of the interference liiics Juc t,,o ,k:-workin r.i( a.lsn before
and after ten-ile-comprvssivc stressing, t•xairInev. The 1i.l ridth
increased with the cold work (nv alternating stressing). For the 5 per
cent. cn:-', , ..... - :• ,v eigler •':t'd, there was no cicar
indication c! . ,: . tle I;ne widtn w-i* •nd without alternattng
stressing, but witr: lU per cent. cold-werke_ ;ýrecirens, both unaged and
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thermally aged, the sharpness of the lines increased after alternating
stressing.

189. Korbut, "J.M.,4 Irfluence of dosage of surface-active substance
on the surface plasticization of a metal during drawingb Soviet Phys.-
Doklady 4, 1, 176-178, Aug. 1959. (Transla.ion of Dokladi Akad, Nauk
SSSR (N.S) 1.4, 1, 72-74, Jan./Feb, 1959 by Amer. Inst. Phys., Inc.,
New York, N. Y.).

From ohservatton that shear stress in surface layer of wire during
U.r;f'ki,r ,h.creases in presence of surface active lubracant, author
( , ;w; ,i 'i t,,A lunric' .in migrates iLato two-dimensional surface defects.
kurthe.r ,:cU.ase wiLt increasing deformation, temperature and number of
nolecular layers of agent on surface is regarded as support for this
a:sumption.

To rý!viewer development of such defects seems unlikely under normal
conditions. Obbervations may be explai-'d on besis of pure surface
friction only.

JUL< '115J2 (19b0)

190. Korbut, V.M., Veiler, S. Ya., azd Likhtman. V.I.,* Significance
of adsorption insteractions and the bulk-mechanical properties of
lubricant layers in the processing of metals under pressure," Soviet
Phys.-Doklady 5, 1, 148-150, July/Aug. 1960. %Translation of Dokladi
Akad, Nauk SSSR (N. S.) 130, 2, 307-309 by Amer. Inst. Phys., Inc.
New York, N.Y.).

It has been shown in papers put out by authors' laboratory
that, whith deep plastic deformation in the presence of surface.-active
liquid lubricant layers, the so-called adsorption plastification of
the metal takes place in a very fine surface layer. The plastifica-
t.'or effect, which is elicited oy adsorption of the surface-active
components of the lubricant, is characterized by considerable reduction
in the shear stress of the fine layer of processed metal.

The presence of a plastified layer promotes thc equalization of
the volume flow of metal, reduces the work of deformation, and in-
creases the capacity of the metal for being worked under pressure;
herc, the additional ;hear deforastion due to friction is localized
in the plastified layer.

A solid, 'out sufficiently plastic, lubricant fil1 deposited on the
surface of the prc -ssed meetal, the shear stress of which is consider-
ably less than in Iie baxe metal, plays the saw role as the plastifiec
layer.
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191. Kovalev, N.N.,"Deformability qualities of prestressed reinforce-
ment made of steel cables (in Russian),t Beton i Zhelezobeton no. 6,
245-249, June 1963.

herewith a report on investigations of cable properties for use

in prestressed concrete. Young's elasticity modulus has been compared
to the cable's apparent Young "modulus" .,nd the permanent r.rain is
given in tabulated fcrr.. The aothor claims that he succeeJs ii,
eliminating the effect of permanont strain through an i~nitial prestreas
up to 110% of the ext,,'CL,. .

Reviewer remarks tnai res'arci, .n creep and rermauent strain re-
quirej a iong time study, whi:-i nas becu prescribed in the article.
Therefore, revie'er's opinion is that the data given should be used with
some reservatton.

AMR #7178 (1914)

192. k 4al'.k i, B.S.. Theory of multiple winding of rope (in Russian),"
Dokladi Ak.ad, Nauk SSSR IN.S.) 74, 3, 429-432, Sept. 1950.

,he axial tension in any turn of rope-winding decreases with its
radius r. Therefore, the decrease of length of each r due to the
pressure exerted by the terms of greater r produces the d,Žcrease of
the axial tension in a given turn. Author introduces the notion of
a coefficient of transversal compression K and derives the integral
equation for the axi.,i tension in the turn of the rope with radius
r divided by the breath of the rope. Author uses the above equation
as a oasis for introducing diagrams, assumir.z a priori a certain law
of reiationship between axial tension and ra,us, which show that
taking into account the trinsversal deformatia•ns of the _ope greatly
decreases the axial tension "n each turn of winAlng The transversal
deformation of the rope also ha%3 great !nfluenze on the pressure exerted
by the rope on the drurm In I` K example, the ýitessure oi the rope cn
the urum. by akinrg into account the t-anrversal dcfirmarions of the
rope and of the ,iru, ý, 50 ks.cm2 and, by neglecting these de:ot, ons,

is 437 kg/cm2

AHR $381 (Feb 19SV2)

193. Kozak, R.,"The strengai of the concrele an', t ,und stres.,ing
wires of rtressed concrete scruztures affected by pulsating forces
(in French),"Acra Technic. ',-!. 1 2. 91-110 (196.).

&MR 06501 (1967)
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194. Vuzhiy, A.I., and Shevelo, V.M.,'The influence of incomplete
elasticity on the dynamic forces 'n a rope of Variable length,
analyzed by an asymptotic method (in Russian), IPrikl. mekhanika 1,
1, 41-50, 1955; Ref. Zh. Mexh. 1956, Rev. 4845.

The purpose of the present investigation is to demonstrate that
the incomplete elasticity of a cord of variable length ha. a material
influence both quantiratively and qualitatively on the behaviur of the

dynamic forces arising duriag the lifting of the lcad. It is assumed
in this inveitigation that tnt law of Variation of the hoisting rate
(r. tational speei .-f the winding drum can be described by a trapezoidal
broke:, line. Qualitatjve analysis leade the author to the conclusion
thLc Lor a given nois~ing rate v. & vo + at it is possible to indicate
a particular limiting value of the coefficient of incomplete elasticity
O~np at which, for all values of c < np, the forces in the cord will
gro,.. while for 0<Q*(•np they will decrease. The coefficipntX character-
izes the absorpti-n of energy by the oscillations of the cord. N.V.
Zvolinskii, USSR ýo'u1tpsy Referativnyi Zhurnal (Translation, courtesy
Ministry of Supply, England).

AMR #3560 (1957)

195. Lamb, H., Statics Cambridge Univ. Press, England, 3rd Ed., 1928,

196. Landweber, L , "Hydrodynamic Forces on an Anchor Cable" DrMB
Report R-317, Nov. 1947.

This report presents curves from which the magnitude and direction
of the tensions in the anchor cable can be determined when the drag of
the ship, velocity o. the current, depth of the water and type and length
Gf the anchor cuble are known. Formulas are given for ship drag, current
parameter, breaking strengtn of wire-rope and chain cables, safe working
loids on cables and holoing poder of an anchor

197. Lindveber, L and M.H. Protter, "The Shape and Tension of a
Light Flexible Cable in R Uniform Current,.1J. of App. Fech. pp.
A121-Al16, 1947.

rhis paper deals with several cases of towing cable in which the
frictional forces a% well as the normal forces are taken into account
ir determinin; the c.'nfiguration of the cable. The weight of the cable
is neglected Several tcvline situations of practical interest are
ccsidered as applications of use of enuations and curves presented in
tne paper

-57



198. Laura, Patricto A and t4prio J. Casarella, Discussion of the
paper "A Three Dimensional Dyn:,n.ic Analysis of a Towea System" Journal
of Hydronautics (Vol. ", No. 4. by ýchram and Reyle) Vol 3, 1969.

199. Laura, P A aid CasarelLa, M.J., "A Survey of Publications on
Mechanical Caoles Aad Cable Systems," Report 68-1, Themis Program
No. 893, NO0Ole,-68-A-006-0u., lnstitute of Ocean Scier.-e and
Enginee!.ing, 1iht Catholic 1%:i~vcrslty of America, Washington, D.C.,
December 1963

?GO, Laur., Patcrici:): ; Hendrik-.s Vanderveldt and Paul Gaffney,
"Acoustic Detection J 6zrucc4ral Failure of Mechanicai Cables;'
3-*urnal of the AcousLIcal Scc., y of Americi, 196W (Letter to the
6dit.ir ).

201 tIlyland, & L D.no, A R S., and L-msdale, h.A.,'Experimental
Invs.tivdtiou• • to' -On Iri stranded -ining wire ropes,' Instn. mech.
Engrs. Proc. (L)' iL, 8, 323-33E, 19-2-1953.

Moduiue of rigidity ia primarily dependent upon construction
(number of wir.-s and.-crands), varies somewhat with type of lay
and lubrcatlor,. and is rather independent of load and diameter.
An arpzoxima•Ion tray be had b, dividing the modulus of rigidity
of steel by zh- total aumLer of wires and multiplying by the cosine
of the helix angle This gives good results except when more than
75 wires are uipd, ir which event friction apparently 'Leads to higher
values

Considerau!e dats are provided for angular etefle.tion in laying
and urlaying direction, rotation due to tension, and extension due to
rotation.

AMR #3358 (Oct 1954)

202. Leites, A.V., "Testing Cables and Wire," Zrvodskaya Laboratoriga,
16, 6, 1950, p. 758 (in Russian)

Difficulties in preventing the method of securing wire cr cab.e
specimens in tensile tests from influencing results is considered.

203. Lznnr.x Jr., T J., "Corrosion tnalysis of 304 Stainless Steel
Wire Rope and F.ttings fror a NOMAD Bacy Mooring System After 34 - Monthr,
Continuous Service in 1-1.:e ýulf of Mexico," NRL Memorandum Report 2405,
September 1969

Samples studied of a 12!0 ft length cf sta:nless steel wire rope
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(3/4 in. diameter - 6 X tt Warrington - IWRC 7 X 7) and asaoziated
Stainless steel tube thimbles and cable claips. This rope was in
contanous use for 34 mouths in the Gulf of Hexico as the upper
portiot of the Nowad buoy mcoring system. No significant c'rrosim f
was reported for the top 1000 ft., which was well lubricated and
cathodically protected. However, the lower 250 ft., which was Jacketed
with neoprene for abrasion protection, was relatively severely corroded.

Recommended that mere inspection of external wi.cas of stainless
rope is not adequate to determine extent cf corrosive damage since
primary mechanism of corrosisn in stainless Pteel is by crevice
corrosion or tunneling. Alsc recomended that in critical applications
the wire rope be replaced at first sign of rope deterioration.

204. W. tethersicO "The measurement of the coefficient of internal
friction of solid rods by reasonance mothod,' 1 J. appl. Phys. 1, 18-22
(Jan. 1950).

It is usual to assumetlut la*Itudina! iesonant frequenci-s of a
cylindrical rod are not atfected by presence of internal friction.
This assumption is sufficiently accurate for metals and certain
crystals such as quartz. It is not accurate enough for measurement
en plastics, the materials of interest to author. Paper 4s aevoted
to introducticn :A secjud-oraeL approximations in formulas for com-
puting coefficients of viscosity from vibration data. In the
main body of paper it is assumed that, after Stokes, viscour effec.ts
arise only from time ratca Tf shear strain. Near the end an additional
treatment is given which includes ArIction ariasig 'rom time rates of
volume changes. It ic shown thit rcgler.t of sec.nd appioximation to
resonant frequency will introd-ce err'rs in internil da.'ng calcula-
tions of the order of 12 per cent, whereas its inclusion will reduce
them to I per cent. It is also piintzd out that Aistence of a
volume viscosity can be detected by measuremsnze upon same specimen
first with torsion waves, and then with longitudinal. Paper is
recomended as a good cuma-y of apropr.ate fvrmalas for calculatinA
viscous coefficients from vibtation experiseutt whirh determine width
of reason~nce as conventionally dflrsed.

AM 01945 (1950)

205. Lex, W.l., "Ooeration, Maintenance an,- Inspection of Wire Rope",
U.S. Coast Guard, Pr:ceediog of the Kerr'h-nt Mariaa Cxouncil, pages
91-96 (May, 1968).

206. Lcz, W.I., "•ests on this Wire Roope vatigue ,:schine Proved tlat
Lkbricants do Penetrate Wire Rope," Eng. M. S. J , 1¶54, 1'5, Juns,
ppl 9f-98.

Tests show value of correct external lubrication for ropes. Fib.zs
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preserved longer; corrosion retarded; friction reduced, fati -ue onset
delayed, lives prolonged for ropes, drums and sheaves.

207, Lin, T.Y.,'ICable friction in post-tensioning,,SProc. Amer. Soc.
cT-. Engrs. 82, ST 6, (J. Struct. Div.), Pap 1107, 13 pp., Nov 1956.

AMI #1/88 (1957)

208, Lindstrand, E.,"Wire drawings - a literature survey (in Swedish),f
Jernkontorets Ann. 142, 3, 105-127, 1958.

AMR #4544 (1958)

209. Little, Arthur D., Inc., "Stress Analysis of Ship-suspended
Heavily Loaded Cabled for Deep Underwater "mplacements", Preptred
for Bureau of Ships, August 1963.

210. Litton Systems Inc., McKiernAn Terry Marine Div., "Study and
Design of Cable Fairing for Drag and Mechanical Reliability Improve-
ment", E4-9250, July 1964.

211. Lueg, W. "Improving the Quality of Drawing Tools by Controlling
Die Profile-by Modern Measu-ing Methods," Stalh and Eisen, Vol. 71,
pp. 157-170 (1951).

212. Lung, W., and Treptow, K.-H.,"Lubricants and lubricant carriers
in steel wire drawing (in German),"Stahl.u. Eisen 72, 8, 399-416,
Apr. 1952.

213. Lueg, W., and Treptow, K.H.,ONew investigati-xns on the drawing
and "pushing-in" of steel rods. Part 1, Part 2, (in German),' Stahl u.
Eisen 75, 3, 1620169, Feb. 1955; 75, 12, 769-776, June 1955.

Part I describes a comparative experimental and theoretical
study of the forces required in (a) pushing round bars into, and (b)
pulling them through a drawing die. Authors show that, for a con-
stant percentage reduction of cr'ss section, the force for puching
(extrusion) is higher than for normal drawing; furthermore, that the
specific dr~wing (extrusion) force decreases gradually with incrias-
ing bar cross section and approaches an asymptotic value.

In pa t II, the elastic distortion (diame'rical expansion or con-
traction) of the bar as it leaves the die was studied. This elastic
strain was generally positive, but for any specific die angle it varied
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with the length of the cylindrical die extencion, its value invariably
reaching a minimum at a certain length of said extension. The minimum
Wit. either slightly positive or negative, depending on the die angle.

AMR #2949 (1956)

214. Lutchanaky, M., "Axial Stresses in Armor Wires of bent Submarine
Cables," Trans of the ,SME, Journal of Engineering for Industry,
August 1969.

A mathematical model is presented to describe the axial stresses
induced in the helically wound armor wires of a submarine cable bent
o.ver a ,,rc'm. The model represents the wire-core intraction and
yit I&.- a simple description of the stress concentration at a rigid

,iSLlusIon such as a clamp or apparatus hous Inps "ý rce field" expression
jbtaine6 for stresses away from an inc]hi,,io al- .'3tained and shows
cffezt of entire riig- ol interactiun stiiikesses from frictionless
slin t infinite interaction shear stiffness. At the latter limit
bcamlike outer fiber stre'sses are produced. Beamlike stresses also
produced for limiting case of infinitesimally thin wires and infinitnly
long lay-length (wires running parallel to cable axis).

:15. Lyst, JO., and Babilon. C.F., Detecting fatigue cracks in notched
fatigue specimens by changes in electric resistanceWMater. Res. and
Stands. 2, 6, p 485, June 1962.

This paper describes a method of detecting cracks, in a fatigue
specimen/by measuring the changes in the eletrical resistance of the
surface by direct-current conduction. Both resistance and crack
length were observed to increase as fatigue life was consumed. In
rotating-beam fatigue tests, cracks propagated slowly until the crack
covered about 5 percent of the cross-sectional area, after which the
rate of propagation increased rapidly to failure. Fatigue cracks as
small as 0.005 in. deep could be detected in 0.330-in diameter spec-
imens by this meth.Dd, and cracks could be detected when the change in
resistance was a small as 2.5 percent.

,MR #7041 (1962)

216. Mack, C.,"The tension in strings wrapped slantwise round cylinders
when friction is proportional to a power of the normal reaction,' Brit.
J. appl. Phys. 7, 8, 294-296, Aug. 1956.

Paper derives expressions for string tension and normal reaction for
title string, absuming that l t miting firction acts (1) in direction of
string, and (2) parallel to axis of cylinder

AMR #418 (1957)
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217. Majors, H., Jr.,"Studles in cold-drawing, Part I. Effect of
cold-drawing on steel; Part 11> Cold-working 2S-0 aluminum,' Trans.
ASME 77, 1, 37-48, 49-56, -Tan 1955.

In both papers the effect of drawing 1-in. diam rods down to 11/16
in. in various sequences is reported. Prop',rties investigated were
tensile, torsion, :-nd hard:iess. Microstructure was studied and re-
sid'ial stress measurements made. Irk the case of steel, a limited
number of impact tests were carried out te investigate the effect of
drawing sequence o1o the transl i ,n temperature, For buth metals it is
concluded that the properties are affected in a similsr ma-ner, The
tensil-, yi.ld strength has very little effect, and sequence in drawing
has no etfect on the trie stress-strain diagram in tension. The re-
sults of the torsion tests are inconclusive, and further work is
Ivggested. Hardness is indepencdent of drawing szquence and no variation
in hardness across a sect-on was observed. Mlcrostructure was found to
be uniform across section and very little affected by seq-ence Re-
sidual stress was found to be greatiy affected both in magnitude and
distribution.

AMR #883 (1958)

218. Mak, S.L., Tulenkov, F.K., and Shteinberg, L.B ,"A machine ior
fatigue testing rope wire,4Industr. Lab. 28, 1, p. 117, July 1962.
(Translation of Zavod. Lab 28, 1, p, 114, Jan 1962 by Instrument
Society of America, Pitsburgh, Pa.).

Paper describes briefly a wire testing apparatus built on a1Iýhe,
which is claimed to accurately reproduce stressed condition 3f wires
of a rope.

AMR #4471 (1964)

219. Markland, E.,"The deflection of a cable due to a single po'nt
load,'Phil. Mag. (7) 42, 322, 990-996, Sept 1951.

Paper gives method for tht calculation of influence coefficients
for vertical loads and deflection* of a uniform cable These co-
efficients, which are functions of the applied lead, are required
for the analysis of suspension bridges after the manner of A.C Pugsley

J. Inst. civ. Engrs. 32, p. 226; Struct. Engr. 27 p 3271. Expert-ents
on a 5-ft chain agree very well with the calculations

AMY #1025 (1952)
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220. Martin, Ui E.,A ý .citptlin for lo'w-cvcle fatigue," ASME
Trans, 83 D (0 Basiz EvgxiS 4, 56.'-N'71, Dec 1961

A low cv Ir ftirlzue r1rerion is proposed which employs as an
index of dar~'- r-e pe(r .:on of the plagtr:-straln hystereFý,s which
isasqociatc;u W~.ith LII w o'.-lardening segment Jf the S-L!Lss-straln

.!-o 'iis damas_2 work-energy relation provides a theore'ical
: r.pl~.iýtic str~iin-cycle life v.juation

wt~i-" was pie,e''.m.y advanced _mpi-.,-ally

AMR< l,63 -p_')

.. . Ma , '. ' 11&e *.'ire ;Jzide- V:~ erv. ,rqjli
z~t ; ,I U. •fi't >.''tion of Neh.1r-:ýal Er.,ineerzi, V.A. 128,

222, McLoad, K 4 and 1ý L ers "Torque BzLanced W-.re Rnpe and
Armored Cables", tansa~*tions of the 1964 Bauy Tlechnology Sumposiurn

Torque-balanced wire rc'V,3 and armored :ablKe offer signigianzz
advantages by reducing stfe,, ' and the am,;nt af energy Stored in -he
cable The paper discusses -able properties and cperational prjblerný
A figure of merit Q is defined 3S

o :e I ( S -)2

,1P
where

E: Modulus of El_-.ic-ity

S: Ultimate S -vngl

pi: effective del,' o! ma-eria .'n water

223 Mectvedik, S ~.'iv'v, r; z~rcsse, -n ofbe' (c ine's (in
Russian)." Troriya Mash~n M --nanizm:ov n, 96 ?_ !05-1119, 1963

This is an analytic:hl and expor!=ntal st-;dv. The :rant me~h~n-.m
is reduced to a. linear systrru. f spring and masse- The results dre
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useful for the design of cranes and other weight-lifting equipment.

AMR #2298 (1966)

224. Meebold, R., Cobles and tntir p-.i tAl use (Die Drahtseile
in der Praxibj, 2nd rev. ed., Berlin, Springer-Verlag, 1953, vi +
108 pp., 121 figs . 12. %

book d.a1 wkLn construction and application of wire ropes
Under construction. following items are covered: Principa: t-pes of
wire ropes; slrard arrangements; strength and design .. ;; wire
materialz; raric of wire to rope (liameter; number 3f w.ircs in strands
and wire arrangement; Under appi'c3tio:l, the following items are
coverE': Life of wirc ropes as .tic=:==d by nature of service; methods
of fa::tsning rope ends; methods nf binding ropes; wear. loosening,
untwi.-.ri-, and distortion in ropes; types of wire-rope laihures;
corrosion in wire ropes and prevention of cor osion. A brief bibliog-
:aphy completeE th2 ho'k.

AMP #1319 (1955)

225. Megyeri, J.1 Exact calculation of loading on cable supports
(in hungarian),ýMelyepitestudomanyi Szemle 7, 11/12, 375-381, Nov./
Dec. 1957.

Distinction is made between actual cable tension and its hori-
zontal component. Effects of wind loads and of friction at the
supports are considered. Deviation from results of approximate
analysis is found greatest when concentrated loads are apnived Mid-
way between consecutive supports. Numerical tables are given, and
also a nomogram for finding critical load c-mbinations.

AMR 073 (1959)

226. Mehta, P R , "Static and Dynamic Stresses in Overhead Cindu:,ors"
Spring Conference, Transmission and Distribution Session, Cheyenne,
Wyoming, April 22, 1968.

227. Meier, J H., "Energy T.rngitission by Stress Waves i- FPrimatical
Bars," Experimental Mechanics, May 1965, pp. 135-141.

This paper deals with energy transmission by stress waves in
prismatical bars. Experimenzs were conducted on straight an] curved
bars. The effects of cross-section impedan:e eirmatch and length mis-
match of impacting bars in studied. The author in apparentlv unaware
of the technical literature available on vibrations and effects of
dispersion in curved bars.
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228. Michel, Douglas, Pikul, R.P. P'1A Kosser, A.F., "Forces due to
Travelling and ftanding Waves in Cables" Interim Report No. C-70;
The Kaman Aircraft Corporation, August 1954.

If an antenna-supporting vehicle is disturbed from its steady
state flight by a gust, then it, in turn, will disturb the end of
the cable to which it is attached. This disturbance will travel
down the cable to t-ýe mooring point, reflect and travel up the
cable to the vehicle and disturb it again. It is clear that the
cable dynamics must be included when designing an automatic position
stabilisikio device for the vehicle. The purpose of the present
report is tc devise methods for determining the transient force
aL the mooring point due to a disturbance of the vehicle.

229. Middleton, G.W. and J.W.N. Fead, "Fundamentai Cable Analysis".
Developments in Mechanics, Vol. 4, Johnson Publ.Lhing Cc, (Pro-
ceedings of the Tenth Midwestern Mechanics Conference) pp 631-645.

Thi13 study contains equations which are derived for simple cables
giving a direct solution under the condition of uniform horizontal
distribution of dead, ice, and wind loads, This analysis is different
from previous cable treatments in that it specýifes Zie maximum force
in the cable rathei thaa assuming the amount of sag in the cable
Equations are also derived for cables which carry ccncentrated loads
in addition to the above loads. When the maximim force which 1i to
appear in each c.ile of an antenna system Is specified and the zables
are considered as inextensible, it is pzoved that the system is deter-
minate.

The equations are not linear, and an iterative process is required
to u6tain a solution of the equations. Such a process is desctibed
hý.re. 1he repults are listed for comparison, and these were obtained
by computation and by measurement from a model.

230. hiim-mo. E., Aide, T., and Higami, H., "Fatigue Tests of Wirel fzr
Wire Rope," Sulyokwal - Shl, 1954, 12, Oct., 378-395 (In Japanese)

Performed rotating bend fatigue tests on rope wire oi two size6

and slme strength. Impact tensile strength dropped suddenty after a
certain number of cycles; this number was shown to be lover for the
thicker wire which also had a lower ei.durance and fatigue limit.

231. Military Specification - Cabhi, Electronic, Tow, for Subm.arine
Application, MIL-C-23812A (Ships), 1h Feb. 1965.
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232. Miller, Eugine and W.C. Webster*, "An Analysii of Large Object
Lift Systems,' ASME Underwater Technology Division, A967 Natioral
Conference.

The raising (or lowering) of a very large object, such as a sub-
marine, in the open ieu is in extremely difficult and costly operation.
A major problem is the large seaway induced forces and motions. This
paper deals with analysis ane control of these forces in two types of
large object lift systems. One system involves use of two surface
ships lifting a submarine with cables The other svytem consists of
standard winches on minimum response surface floats insteadof conven-
tional surface ships.

* See alao: Technical Report 613-1; Hydronautics Incorporated, Dec. 1966.

233. Muore, H.F., "Fa:.igue Testing of Wire." 4tre and Wice Products,
Vol. 12, May 1937, pp. 215-23b.

Discusses various types of machines for fatigue testing of wi;e.

234. Montague, P.,"Load distribution in overhead stranded conductors,'
Inter. J. Mech. Sci. 2, 3, 277-293, Apr. 1961.

Author attempts to forecast the load taken by eich strand of a
steel-cored aluminum conductor at different total cable loads by
considering the fundamental load-strain characteristics of the steel
and aluminrm elements. Temperature and creep effects are not con-
sidered. Cold working may influence experimental values.

AMR #107 (1962)

235. Moorman, R.B.B.,"Continuous prestressing,'PFrcc Amer. Soc civ
Engrs. 81, Separ. no. 588, 21 pp., Jan. 1955.

Author discusses the influence of posttensioning on statically
indeterminate structures, such as continuous beams, by introducing
equivalent loads corresponding to the bending moments caused by an
eccentric cable. Cables with parabolic curvature are studied
especially, and numerical examples are given together with a to-
comeneatiou 'or analysis and design procedure

AMR 01656 (1955)

236. Morales, R.C., Shear-volume t'hod of solving tensions in cables,
Journal of the 5tr-uc._Arai Division, Pru.-edingr of the American Szc,.rv
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of Civil Engineers 94, ST 1, 111-118 (Jan. 1968).

A simple expression is given for the length of a cable in terms
of its span lengta,, the tension in the cable, and the "Shear-volume,"
the last being the integration of the square of the transvers- shear
force V over the span of the cable. The derivation assumes small sag
of the cable and is based on the usual relation V a dM/dx in which M
is the bending momernt.

AMR #7182 (1968)

238. Nakamura, K,, and Nakamura, Y.,'Low temperature annealing of
.Irawn wire/3 Jl. mech. Lab, Tokyo 2, 2, 25-28, 1956.

Paper presents results of a limited investigation conducted upon
medium-alloy patented steel wires, such as might be used for sus-
pensioc. -,ridg• cablea, to determine effects of temperature rise dur-
iug urawing and efiects of various sequences of drawing and low-
,emperature annealing. Data indicate that tensile strength increases
an( "uctility decreases with increase in temperature during drawing.
Data also indicate that a final low-temperature annealing following
drawing operations will increase tensile strength significantly;
apparently this occurs whether or not the patented wire was fully
annealed before drawing.

AMR #2939 (1957)

239. Nishioka, T., "Surface Condition and Fatigue of Wire Rope,"
Wire World Internationai, 8 (3), 67-73 (May - June 1966).

240. Nowinski, J.,"A series o&" experiments concerning the effe:t of
scale on the rupture of steel wires (in Pollsh)."

The scale effect, i.e., the effect on strength of absolute dimen-
sions of structural parts, and the dispersion of the strength itself
have a common bakgrouno cue -, natural nonhomogeneity of materials.

in already published papers, phenc.wna having a statistical
character are explained for brittle materials. The results of the
author's experiments concerning the rupture of 5-cm and 50-cm steel
wire 4amples, 4.5 mm in diameter, lead to the conclusion that the
scale effect ippears also for nonbrittle materials.

AMR t494 (1958)

241. Ncwinrki, J L ,"Transverse perpendicular impact on a cable of
a highly elastic material,"AIAA Journal 5, 2, 332-333 (Technical
Notes), (Feb 1967).
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By the stress-strain reletion furnished by the theory of finite
elastic deformation, author derives and discusses the formulas for
the velocity of propagation of longitudinal and transversal waves and
for the velocity of impact in a cable of rubber-like materials.

AHR #4728 (1967)

242. O'Brien, W.T., Behavior of loaded cable systems,"Journal cf the
Structural Division, Proceedings of the American Society of Civil
Engineers 94, ST 10, 2281-2302 (Oct. 1968).

Author analyzes load-deflection characteristics of a freely
suspended cable system subjected to a point load iu any direction.
Effects of various system parameters Are exattined. Re3ults are given
in equation, tabular, and graphical form. Peper is theoretical, not
experimental. Application is to suspension bridge cibles and similar
systems.

AMR #6977 (1969)

243. O'Brien, U.T., and Francis, A.J.,wCable movements under tvo-
diin~sional loads,%Proc. Amer. Soc. Civil Engrs. 90, ST 3 (J. Struct.
Div.) (Part 1), 89-123, June 1964.

The problem of determining the deflected shape of a suspended
cable subjected to a general two-dimensional system of gradually
applied concentrated loads is quite involved. The tedium results
from the nonlinear stitfness characteristics of a suspended cable.

The authors have nearly solved the equations of static equilib-
rium for the various load points by the process of succeesive approxi-
mations. In their analysis they considered all the effects such
as temperature change, yielding of the suppor:s and slipping of the
cable at the support. The three numerical examples fully demonstrate
the use of the method. The results are tabulated and compared with
the ones obtained using the existing procedures. It iq quite evident
that the features of the method of this paper are greater accuracy and
reduced computational effort. The authors also included two appendices
in which they derive the basic equations of suspended cables and
correction formulas.

The paper is self contained, analytical in its approach and very
easy to understand.

AMRt #5614 (1964)

244. O'Brien, T.,",eneraL solutlon os suspended cable problems."
Journal of the Structural Di\Lsion, Proceedings 4f the Aserican
Society of Civil Engineers 93, S` 1, 1-26, (Feb. 1967).
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pi

The problem of cable displacements under an out-of-plane system
of gradually applied concentrated and distributed loadings is pro-
sented by the autior aith the thoroughness of a PhD, diugertation.
This study is continuation of a previous one in which in-plone system
cf adi• w, considered [O'Brien, W.T., and Francis, A.J., AMR 17
(1964), Rev. 561lJ.

The -.- thod of analysis of the paper is genztal and as such can be
used for the solution of any suspended cable problem. Equally impor-
tznt, very good agreement was obtained with tests performed on ex-
periwental models.

The approach used, in the paper, is basically analytical The
basic formulations of the problems are presented very clearly but
the computational procedures are not suff'ciently dptailed.

The level of maturity or experiene' expected of the reader is
high.

AMR #925 (19b8)

245. Okubo, H.,"The torsion and stretching of spiral rods - It' Quart.
appl. Math. 9. 3, 263-272, Oct. 1951.

An analysis is presented to :.teruine the torsional deformation
and stretching of spiral rod-. The -2quations of equilibrium are ex-
pressed in terms of displac .ents. They arr developed into forms
which are independent of the position of the section, and, therefore,
they are independent of one coordinate. Author achieves this by
translation and rotation of a system of coordinate axes of a section
which is perpendicular to the axis of the helix, by fixing thLs
system of axes to the section, it is translated and rotated about the
axis of the helix together with the section along the spiral rod. In
this matter, the stress distribu-ion in the sectiou in relation to the
coordinate axes is constant for all sections. Diffe..ential equations
of displacemLnts are integrated for the special case of a small helix
angle. Resulting expressions for displacements and stresses contain
threa arbitrary plane harmonic functions which can be determined when
the shape of the section is known. As an application of the general
solution, author considers a spiral rod of elliptical cross section
and evaluates a numerical example. He altives at the result that,
while shape of cross section of a straight rod is not deforved by
twist, the cross section of a spiral elliptic rcl changs. The ellipSe
becomes flatter or rcunder depending dpor the axial elongation er
contraction which takes place in a spiral rod when it in twisted. In
solving the same numerical problem £cr stretching, guthot finds ý.hat
the spiral rod is subjected to twist when it is pulled axially.
Maximum and mini-ium normal stresszs occur at the ends of the minor.
and m•jor axes of the eslips The maximum sh.azing stress is 2t both
ends of the rv:n7 axis.

AMR #1662 (Junz 19S')
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246. Oschatz, H., "Testing of Wire in Fatigue," Draht, German ed.,
1955, O, Jan., 12-213.

Deoscription of various fatigue - testing machines manufactured by
Schenk for tests of wire and springs. Rotating bend, push-pull and
programed variable amplitude tests are described.

247. Ostroumov. G.A.,"Theory of thermal processes during liquid draw-
ing of wire under steady-state conditiuns," Soviet Phys. - Tech. Phjs.
4, 2, 208-214, Aug. 1959. (Translation of Ah, Tekh. Fiz. 29, 2, 239-
247, Feb. 1959 by American Institute of Physics, New York, N.Y.)

Authors consider a liqvid metal jet leaving (at Z - 0 and ve-
locit7 V) a furnace, having the temperature of the furnace as exit
temperature. In the region Z> 0 the cylindrical jet is surface-
cooled (heat-transfer coefficient is prescribed). Author determines
the temperature distribution as function of Z and r, restricting him-
self primarily to the slowest decaying term of an iiifinite "eries. He
slao t-reats the case where, at Z - 0, heat of fusion release occurs
(the jet freezes), and applies the results to the case of zone melting,
Checking of paper is difficult, because author states only results and
gives no details of analysis.

AMR #2532 (1960)

248. Otto, P.,"Rope creep on sheaves (in Dutch),"Ingenieur 65, 31,
W.139-W.146, July 1953.

The forces in a cable before and behind a driven or driving
sheave being different, "creep" oi cable over part of sheave must
occur owing to variaticn of elogation of cable in contact with sheave
Paper gives theoretical analysis of cable force distribution, amount
of creep, and frictional energy accompanying creep. Results are :00-
pared with previously published ones, showing some improvements .r.
present analysis; a numerical example of application is given

AM #2126 (July 1954)

249. Owsda, S.,NCalculation of tensile and torsional stiffnesses of
single-lay cables,*Proc. 2ad Japan nat. Congr. appl. Mech., 1952; Nat,
Committee for Theor. appl. Mech., May 1953, 159-164.

Author applies Kirchhoff's thin rod theory to obtain effect of
contact pressure on stiffness of cables in a core-side wire cable
combination under tension and torsion. Author oLtains expre•'0ons
for these stiffnesses and points out that they agree well with re-
Fults of experimencs.

AMR #2307 (Aupust 1955)
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250. Pankratov, S.A., and Vo.kov, B.N.," Calculation of tensions in
long ropes and suspensions,"Russian Engineering Journal 46, 12,
29-31 (1966). (Translation of Vestnik Mashinostroeniya 46, 12, 29-31
(1966) by Production Engineering Research Association of Great Britian,
Melton Nowbray, United Kingdom).

Bending stress in a pretensioned rope without sag subjected to
vibration without damping is investigated. The vibration is assumed
to be due to a sinusuidal function v - Y sin (x/1l) sin (At) in
which y is the tranbvwrse displacement, x is the coordinate along the
rope, I is the length of the rope,A is the frequency, and t is zhe
time. It was fotund by experiment that the moment of inertia (bending
stiffness) of the rope is a function of tension. Equation for bend-
ing moment anchorage is given, from which stresses in rope strands
can be determined.

AMR #8821 (1968)

251. Pelczynski, T.,UA study of cracks in extruded metal (in Polish),"
Obrobka Plastyczma 1, 2, 23-40, 1959.

In an extruding process without cracks the conditionZ) r must be
satisfied (Z - the capacity of metal of cold-working, r the resis-
tance against crushing).

The existing methods of preventing cracks by the choice of the
optioim temperature and extrusion velocity enable us to change the
quantity r. It is pointed out that the value of Z may be influerced
by a suitable form of the die. Experiments are described concerning
the extrusion of a brittle alloy through dier of various forms. The
test results confirm the efficacy of the new method of preventing
cracks.

AMR #5849 (1962)

252. Penkcv. A.M,, and Vorobeikov, A.M.,"Fatigue machine for testring
steel cable wires with complex loading (in Russian),"Zavord. Lab. 21,
7, 860-862, 1955; Ref. Ah Mekh. 1956, Rev 5556.

Description of a machine for fatigue tests of a wire of diameter
between 0.3 and 3.0 m for combined loads by tension, bending and
torsion, in which the tensile stress is constant, the bending over
the arc of the circle of given angle is also variable. The frequency
of the cycles is up to 500 a minute.

AhX #2619 (i958)
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253. Pepper, P.A., and Streich, J.*,The steady, rectilinear towing
of a weightless hydrofoil-cable system in a non-uniform stream,;'Pdo
Corp. (College Point, N.Y.) Rep. 5709 (Contract No. 3582(00)), 17
pp., Jan. 1962.

AMR #6822 (1962)

254. Peterson, R.E ,IThe role of stress distribution in fatigue,
Experimental Mech L, 4, 105-115, Apr 1961.

255. P'-terson, V.C. and Tamor, D., "Tests Show How Sea Water Affects
Wire-Strand and Rope," Materials Protection, 7 (5), 32-34 (May 1968).

256. Pode, Leonard,4A methol of determining optimum lengths of towing
cables,1 (David W Taylor hNd. Basin Rep. 717, 14 pp., Ap;, 1950.

260. Pollock, P.J., and Alexander, G.W.,"'Dynamic stresses in wire
ropes for use on verticai hoists'" "Wire ropes in mines"; Proc. Conf.
Ashorne Hill, Sept. 1950, Instn. Mining Metall., London, 445-462,
1951. $1.

Employing Laplace transform, author solves the equation of motion
of an elastic rope of free length L and mass ml., supporting a :age of
mass M at the bottom and moving vertically downward when a deceleration
is applied at the top by means of brake drum Then he obtains expressions
for dynamic tensions in cases oL constant rate and steadily increasing
rate of deceleration, etc., damping and change of length of rope dur-
ing the braking period being neglected. Perfest reflection of stress
waves at the drum has been assumed.

Author deduces that anything in the nature of a shock or sudden
change of acceleration is undesirable and that a definite maximum rate
of deceleration, limited by governing, is preferable to a gradual
but steady increase of the rate of deceleration up to the instant when
the dinim is brought to rest and the decelcration suddenly falls :o
zero, Analysis also shows that the most favorable building-up peti.d
under a steady increase of rate of deceleration is t (necessarily less
than the total braking period.) - 2V'L(cA1 ), Lhe fundamental peritd of
oicilation of the system, where c is the velocity of stress propagation
in the rpe and N1 tan A1 - mL/M, and, further, this rate of deceletation
attained, having been kept steady for a suitable period, should be grad-
ually reduced to zero over a similar period of time to similar advantage
Nitmstical practical data sre taken to elucIdate and corre-spond closely
with the anvlysis made. Author btlieves that his analysis is an improve-
meit on that of J. Perry AnI D. Smith [Proc. 'rstn. mech. Engrs 123,
p. 537, 1932]. Tensions a( the bottom of the rope, which are considered
more important, are also obtained in cases of dropping a load into a
hangiug skip, skip loading with varying load, and pickup from rest.

AMR #2577 (September 1952)
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261. Pomp, A., and Duckwitz, C.A., "Fatigue Tests on Steel Wires
Under Alternating Load," Kitteilungen aus den Kaiser-Wilhelm-Institut
fur Eisenforschaug, 13, 1931, pp. 79-91.

Patented Pad drawn wire of carbon content of .43 to .83 percent
reduced by drawing from 44 to 90%. Subjected to endurance tests
under varying teusion. Greatest endurance found in wires of low
carbon content.

262. Pomp, A. and Hempel, M., "Fatigue Streugth Diagrams of Notched
and Cold Worked Steels and of 1-in. and 1-1/8 in. Screws tor Various
Tensile Mean Stresses". Mitteilungen aus dam Kaiser - Wilhelm - Institut
fur Lisenforschung, 1936, vol. 18, No. 14, pp. 205-215.

Determined limiting-stress curves of fatigue-strength diagrams. For
carbon steels, limiting stress curves for smooth undeformed and for 10%
.old worked st.eels were parallel. With zero mean stress the notch effect
greater in the heat treated steel than in untreated carvon steel.

Clear dependence of the mean stress on the notched-bar fatigue
strength is shown. This could be important when Analyzing cable fatigue
depending on the magnitude of the effect of the mean stress.

263. Psmsq, A. and Hempel, M., "Fatigue Testing of Steel Wires under
Va'yir7 Tensile Stress. I. Influence of the Method of Mamnfacturing
the Wire on the Strength under Fluctuating Stress," Mitteilungen aus
des Kai ar-Wilhel-Institute fur Eisenforschung, 1937, Vol. 19 No. 17,
pp. 237-246.

Two steel wires of the same composition, one in the drawn, patented
condition, the other in the tempered state, were subjected to fatigue
stressing under varying tensile loads in air and under the water spray.
The composition of the steel, the construction and mode of operation of
the testing machine, and the method of calibrating it are described,
together with the cornitions observed during the tests and the inter-
pretation of the results. In tests on the wire in the as-delivered
condition no effects due to manufacturing method could be determined; in
addition, the gradients of the varying stresses used confirmed that the
alternating stress was Independent of the mean stress. The decrease in
strength under fluctuating tensile stress with similtaneous czrrosion
wvs found to be approximately 45.5 per cent 7 for both type-. 3f wire
When the wirea were deformed by bending prior to testing, the strength
under fluctuating str'ess decreased and the corrosion-fatigue strength of
wires so treated was equal to about a third of the strength under
fluctuating stress of wires similarly treated and tested in air. Pre-
deformation of the wires in torsion exerted a more unfavourable effect
on the fatigue strength of the tempered wire than on that of the drawn,
patented wire. The extent of the additional deformation by torsional
stress appeared also to exert an effect on the strength under fluctuat-
ing stress.
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264. Pomp. A. and Hempel H., "Fatigue Testing of Steel Wires under
Varying Tensile Stress, II. - Influence of th-e Drawing Conditions on
the Fatigue Strength of Steel Wire in Tension under Stresses Fluctuat-
ing Between a Minimum and a Maxicaum Value," Mettellungen aus dem
Kaiser-Wlhelm-Inatitut fur Eisenforschung, 1938, Vol, 20, No. 1, pp.
1-14.

The fatigue strength under tensile stresses fluctuating bevween
maximum ard minimum values was determined on 36 steel wires of the
same chemical composition produced from rods of the same ini-ial
diameter with diferent degrees of reduc..ion per pass, different drawing
media, and a die angle of 15". To deLernine the fatigue scrength -he
Wohler curves were plotted diagramatically, and It was found that with
increasing cold-working the angle of bend in the Wohler curves before
reaching the limit of 2 X 10" flictuations remained practically constant
for series drawn under any given set of conditons. In the case of the
steel wires investigated, no definite relationship between the fatigue
strength and the reduction per pass or the lubricant was observed for
equal total reductions, nor did it prove possible to correlate the fatigue

strengtha obtained with bend- or torsion-test data. Nevertheless the
fatigue islues obtained ran a closely parallel course- to the tensile-
strength values.

265. romp, A. and Ruppik, H., "Influence of the Rate of Running Through
in the Lead Patenting of Steel Wire on the Strength Properties of the
Drawn Wire," Hitteilungen aus dem Kaiser-Wilhels-Institut fuc Eisen-
forschung, 1935, Vol. 17, No. 23, pp. 259-274; Stahl and Eisen, 1936,
Vol. 56, Aug 6, pp. 899-903.

A 0.66 per cent. carbon steel wire was patented with various
quenching and lead-bath temperatures and vith three different ape-ds
of passage through the bath. The time during which the wire reiwn ed
at a temperature above A3 (determined by the speed and furnace temper-
ature and length) was measured by a therw-.auple welded to the wire.
The results show that a change in the rate of passage has a marled in-
fluence on the properties of the wire in their relation to the quenching
and bath temperatures. The most suitable conditions for patenting and
draughts in drawing for the attainment of the best properties in the
wire, particularly the flexibility and torsion number, are indicated.
The authors have also sought for a moaning of a maximum in the torsion
number observed after medium draughts in drawing the wire.

266. Powell, R.B., All American Engineering Co, Wilmington, Del,
A Study of the Causes of Wire Rope Failure in Occanolraphic Service,
Sept., 1967 (Rapt. n.N-576), (Contract N62306-67-c-0287) AD-658871
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267. Protection of Cables,"Neoprene protects cables," Under Sea
Technology Preprint P 795.

Flexible cables are used to connect the power generators on the
tender ship to the drilling platform which together make up the Arab-
drill 2 now operating in the Arabian Gulf, More than 15 km (9 miles)
of cables make up the link.

To protect the cables against the conditions-the continual move-
ment of the ship, the temperature, and occasional immersion in salt
water - the cables are jacketed in Du Pont Neoprene. In the two years
the system has been operating, there has been no cable failure in
Arabdtill 2.or in the smaller installation of Arbdrill 1.

268. Prus, A.A.,'A new machine for torsion tests on wire (in Russian),M
Zavod. Lab 21, 4, p. 489, 1955; Rev. no. 1864, Ref. Zh. Mekh. 1956.

A description of the layout and construction of a machine with a
pendulum for measuring the torsional moment and a separate meter for
the angle of twist of the sample. This latter is determined as the
difference of the angles of rotation of two gear wheels attached on
the wire sample under test; which excludes distortion of the readings
by the effect of the machine grips. A registering device is incorpor-
ated.

Machines have been built on this principle up to 40 - 400 kg/cm.

AMR #2551 (1957)

269. Pungel, W., "The Effect of After Treatmeiri on the Properties
of Steel Wire," Stahl and Eisen, 1942, Vol. 62, Oct. 8, pp. 853-858;
Oct 15, pp. 876-879; Iron and Steel Institute, 1945, Translation Series
No. 253 (English Translation of the above).

The author review experience gained by the Vereinigte Stahlwerke
A -G., concerning the effects of heat-treatment and deformation on
the properties of steel wire. Tempering at between 250" and 350"C.
increased the elastic limit and tensile strength of drawn steel wire,
whilst tempering at higher temperatures had the opposite effect; the
reduction in tensile strength was greater the greater the reduction of
area on drawing and the longer tempering time. The reduction of area
in the tensile test decreased with decreasing temperature below 250' C
at above 2500C, it increased with increasing tempering temperature for
small reductions on drawing, but for large reductions it decreased; fcr
medium reductions on drawing the redaction of area was not affectea by
the tevering temperature.
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270. Rahlfs, P,, and Masirg, C ,.ýInvestigatlon of the Bauschinger
effect in torsion of wires (in German)," Z. Metallk. 42, 12, 454-
459, Dec. 1950,

Authors report torsi;n tests on wires (0.8-1.0 mm) of carbonyl
iron, soft iron, iat'd copper, orass, tin-brones, aluminum, alumi-
num-manganses a4i)y, alumlnum-magesium rlloy. Tests consisted in
initial twisting well into the plastic range, followed by reversed
t2vutngtiarough the ela.Jzic and into the plastic range. Divergencies
beteen the load-deformation relation during reversal and that pre-
dicted from. the 4nitial loading relation were partly due to strain-
hardening, pa:tly to toe Baushinger effect. Iron, bras, and tin-
bronze showed a relatively strong Bauschinger effect, while copper,
aluminum and aluminum alloys showed a relatively weak effect.

271. Rakoff. 7rank B,, "Effects of Certain Ship Motions on Cable
Tenrions in Systevrn for Handling Submerged Bodies," Underwater Sound
Lab., Report Nc. 55$, August 1962.

Conditions for zero towline tension of any fishship combinaticn
are studied. The report snows that the towline tension is zero when
the downward magnitude of the acceleration of the towpoint of the ship
is greater than the downward acceleration of the fish. This phenomenon
can occur because the only forces available to accelerate the fish
are its water weight and its vertical drag, The report gives equations
describing the path of the towed body and the consequence.of the ulti-
mate recapture of the body

272. Reessnydet, 1. S.,"Correlation of fatigue limit with true st:css-
true strain behav'or;iMaterials Research & Standards 7, 9, 390-391
(Sept. 1967'

It has been widely accepted that the ratio of fatigue limit t)
tensile strength (for a given test stress ratio) is relatively :je-
stant. Recently, however, a correlation was shown between the rotat-
ing bending !etigue limit and the true st:ess-true strain parameters
of eteels. This paper extends the correlelion to axial load fs:igue
tests of low and medium strength steels Error analysis shows th3t
fatigue limits way be estimated with aczeptable precision for litrain
hardening exponents greater than 0.1

AMR f2b09 (1968)
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273. Rinhart, Fred H., "Corrosion of Materials in Hydrospace," U.S.
Navy Fourth Symposium on Military Oceanography, Proceeding, 1, 265-
288 (1967).

274. Reynolds, E.S., "Proper Lubrication of Wire Rove Pays," Pit and
Quarry, 56, 112-115 (Sept. 1963).

275. Rhodes, R. and Turner, F.H., 'Design of End-blocks for Post-
Tensioned Cables," Concrete 1, i.2, 431-434 (Dec. 1967).

276. Ricnardson, William S., "Buoy Mooring Cables, Past, Present and
Tuture" Transactions, 2nd International Buoy Technology Symposluw,
1967, Washington, D.C.

The author states that :he most serious problem in buoy technology
is the design of r.ooring caoles. No single technical development is
as irmp)rtant tc the future of oceanography as the ability to u..or buoys
in the open ocean for extended periods of tim. The different modes of
failure of cables are analyzed.

277. Rigo, Jare H., "Corrosion I'esistance of Stranded Steel Wire in
Sea Water," Materials Protection, 5 (4), 54-58 (April 196,.).

278. Ringleb, F.O., "Motion and Stress of an Elastic Cable Due to
Impact," ASHE Summer Conf. Berkeley, Caoif., June 1957. Pap. 57-APM-
10, 9 pp.

Relation between impact stress and impact velocity in general
case of an oblique impact at a cable has been determined. Rela-
tion includes as special cases Saint-Venart's formula for the
longitudinal, and author's formula, given in 1948, for the perpen-
dicular impact stress. Using a slight approximation, general for-
mula has been represented by a graph for vhich impact stress can
be determined for a given impact velocity, a given impact angle,
and any practical values of the cable material conetants and its
initial stress. It has been verified that the impact energy and
the kinetic and strain energy of the cable are correctly balanced
because of the oblique impact relation. Measured impact stresses
are compared with theory in case of perpendicular impact for three
different cable diameters.

AMR *397 (1958)
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279. Riparbelli, C , "On the Relation Among Stress, Strain and
Strain Rate in Copper Wires Submitted to Longitudinal Impact," Proc.
Soc. exp. Stress Anal. 14, 1, 55-7C, 1956.

Series of exploratory tensile impact tests on copper were made
to investigate mechanism of plastic deformation. Results confirmed
earlier observation that velocity of elastic wave is constant and
independent of any plastic flow. Rate of plastic flow was found to
approximate linear function of "excess of stress", the difference be-
tween dynamic stress and scatii stress for same plastic strain.

,AK.- j,047 (195S57

280. Ritter, Owen, "Determination of a Reliable Wire Rope System
for Application to the Deep Submergence Systems Program PSSP/Large
Object Salvage System (LOSq)," Code 027, NSRDC, Oct. 196"

Problem of reliability of lift system where bending fatigue is
considered the most critical problem. States that 4aLique under
axial loading is neglibible Discusses work by Druzker and Tachan
as the only theoretical method of estimating fatigue of wire rope.
Noted lack of NASL or rope industry luvestigations into the validity
of Drucke'• analysis. Makes recommendations based on best practice
for desiga of system. Recommendation of full-scale test of system

281. Robertson, S.C., and Dunstant, R.A., "Bending of Wire Ropes in
Flying Foxes," J, Instn. Engrs , Austral. 25, 3, 45-51, Mar 1953

In this study tne cable is analyzed as a beam loaded with an
axial tension force and concentrated latoral loads from the carrier
wheel cr wheels. This assumption leads to the usual hyperbolic
soluticn.

The principal assumptions are that the sag of the cable is faiTly
smallgenerally not exceeding 1I10 of the span, although the results
are roughly true for a -ag of 1/5 of the span, and bhat the elast:c
liLit is not exceeded.

Expressions for the bending moment and the equivalent tension due
to bending moment are given for the case of a single wheel carrier on
a flying fox, oind also for the cases of doublo- and multiple-wheel
carritrs.

These expressions define/in normal -onditions,upper limits t' -he
bending moment and the equivalent tension. Valueý detertined fi m
them will not generally be exceeded in practice, nor will the act-j',
moments and equivalent tensions be less, except possibly in the zase
of very flexible r•-,es passing zver exceptionally large sheaves ,n
single- or pvrhaps double-wheel carriers in a flying fox with a re-
latively large sag ratio.



The results may be extended to ropes passing over sheaves
generally, provided that the angle turned through by the rope does
not exceed 45* as an absolute maximum.

Some practial results are given, including rough figures to
indicate the conditions when the elastic limit of the wires is
exceeded.

AMR 0747 (March 1954)

282. Poebling Wire Rope Co., "Roebling Wire Rope Handbook," Trenton,
New Jerscy. 166.

283. Posetti, U., "Fatigue Strength of Wire Ropes. Endurance Test
Under Combined Bending and Tension," (in Italian), Ingeftuere 27, 7,
760-771, July 1953.

Emphasis is placed on -orrect and exact determination of cable
strength under dynamic test. A new fatigue-testing machine is
described and the advantages and adaptability of the equipment used
are discussed briefly. Experiments were conlucted on several types
of wire ropes. Comparative results c the behavior of every type
under fatigue test are also presented.

AMR #246 (March 1954)

i84. Rossnagel, W.E., "Handbook of Rigging," McGraw Hill Book.
Co., New York, (1964).
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285. Rowland, E.H., "Graphic Analysis of Guyed Masts,' Strtictural En-
gineer, 46, 5, 1,7-12 (May 1968).

When a mast is displaced from the initial posit.on by wind loading,
changes in length of stay chords occur, causing changes in initial ten-
sions in the stays. Author presents a graphical method for relating
these changes to the initial tensions, and for determining a net of
initial tensions which will "s.ure the desired straight-line deflec-
tion of the mast. Results indi:ate that heavy stays with moderate i4-
tial tensions are preferable to light stays with high initial tension.

Method contains arrroximations but may be accurate enough for
many applications, particularly in preliminary designs. No account
is taken of wind loddings on Ellys themselves or of vibratory ef-
fects. Paper should be of interest to designers of tall racio and
televisicn rowers and similar srructures.

AMR #L49P;- N'19A))

286. Sa,hs, ri. and Sieglersctm.arotL i., "Tensile and Bending Tests
in Cable Wires," Metallwirtschaft. 8, Feb 8, 1929, pp 129-138.

287. Sifety test for wire rope. "61ow Wire Rope Tes':er Promotes Slfe-
ty, Increases Service Life," Metal Mining and Processing, July 1964.

Describes use of an electomagnetic device to inspect mine
hoists and augment visual inspection.

288. Salceanu, C., and Aczel, C., "Theoretical Analysis of a New
Viscoelastic Ccn.tant for Solids Drawn Into Wires," (in French),
Comptes Rendus Hebdomadaires des Seances de 1'Academie des Sciences,
Series A, Sciences Mathematiques 264 l1 ý24-526,(March 1967).

AhiI #6920 (1969)

289. Sayin, G.M., "Basic Dynamic Equations of a Mite Lifting
Cable(load lifting)(in Russian)," Applied Mechanics, 1, 1, 5-12,
1955; Ref. Zh. Mekh. 1956, Rev. no. 3122.

Tn the selection of the relationships between the 'tresses and the
l4itudinal deformations of the cable, author i uses himself on the
oscillograms of free oscillations of the end lesi Q , •Itained at
various valu3s of the initial :muulxtudes and length of u.e rope.

The basic equations of the dynxmics of a cable are rrived during
lifting of the load

• - =- +(~9
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whc-z• o is the weight of the linear length of the cable, , the
va.-iation in the length, 4. the absolute elongation of the cable
of a length x, Q the weight of the load, T the stress in the cable
and R the force o? resistance to the movement of the load.

At the sarne time, the following boundary and initial condi-
ticna are considered

+" K + a'- V

(J( \0

uhere "V, is the velocity when mving the ]oaci, K the Iongitudi:'al
rigidity %, 2 ,m,3• are constants, 8 the damping decn-ernk at.

In the-case 6f a small lifting de-th

the problem is simplified a:d reduced to integration of the equa-
tion

in the b;undary conditions

Pased on tUe method of moments and starting from the basic
equations, a new system of integral diff-r-ntia1 equations is plot-
tcd, by using which it :- possible to obtain approximate solutions of
the V.-oblem in questiori. At the sam e time th, particular cases are



indicated, for which the necessary solutions can be obtained fairly
simply.

AMR #2791 (1957)

290. Savin, G.M., "Dynamic Forces in a Hoisting Rope on Raising a Load
from an Immovable Foundation,. (in Russian), Dopovidi Akad. Nauk Ukrain.
RSR no. 2, 140-lh7, 1954; Ref. Zh. Mekh. 1956, Rev. no. 1652.

The rope is regarded as an elastically tough filament. The dynamic
equation is lerived for a mine hoisting rope, assuming the damping to
be proportional to the velocity. Two stages of the process of hoisting the
load are examined, the lifting of the load off a stationary founda-
tIon, and its further raising. The probler. of determining the maxi-
mum strmsses in the rope during hoisting is reduced to finding the first maxi-
mu'n in peak stress at the beginning of the second stage of hoisting,
which is attained within a very short time interval-according to the
authots calculations, the error should not exceed 1 %. The author is of
th• opinion that, in determining the dynamic forces inthe rope, the change
in lengt. c! the latter and its incomplete elasticity may be ignored.

P2%LD #2470 '1957)

291. Savin, G.M. and Goroko, 0.O., "Elastic Parameters of a Naturally
Twisted Thread," (in Ukrainian), Dopovidi Akad. Nauk UkrSSR no. 8, 828-8322
1959; Ref. Zh. Mekth. no. 8, 1960, Rev. 10967.

The property of ropes to untwist under longitudinal stress and to
become elongated as they untwist is ccnsidered. The concept of a natu-
rally twisted thread with three elastic parameters, the longitudinal
and torsional rigiiity and also the coefficient of an-twisting(the elon-
gation on untwisting through unit angle), is introduced. The problem
iz regarded as linear. Two examples of the calculation of ropes are given.

AMR #6071 (1962)

292. Savin, G.M., and Shevelo, V.M., "Dynamic Stresses in Lifting (load
lift:ng) Cables for Shallow Mines (in Russian)," Reports of the Aca-
deAY of Sciences of the Ukrainian SSR no. 2, 136-139, 195L; Ref. Zh.
Mekh. 1956, Rev. no. 3121.

The lc-gitudinal oscillazions of the load ý are examined, which
is suspended on a cable to a drum which rotates with a given linear velo-
city vc, v (t) about an imobile axis. The vcIccity vct) is given by a
trapezcidai tachograw of lift; slipping c1f the cable over the drum is dis-
regarded; the cable is assumed to be an elastic vis;cus thread.

Authors reduce the system cf equations of notion fc-r u'-ilow mines to
the equation
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(in which q is the weight of a Linear meter of cable, w&th the area of
metal in the cross section of the cable) particular cases of which are al-
ready known: %sl, const(Relci, "Theory of sound," Moscow, 1955,1, 272);

O,qa O(N.P.Neronov: Notes of Leningrad Mining Institute, 22, 195-
212, 1949);cx 2z O(A. Yu. Ishlinskii, Reports of Academy of Sciences,USSR,
95, no.5, 939-941, 1954).

As a result of the qualitative investigation of the equation on the
whole cycle of the lift, the criterion of damping cf the stresses in the
cable was established. For the purpose of illustration a graph of stresses
A :, r) was ".di•o.'d, which wcs obtained as a result of the numerical integra-
tic,) of the er.ýatv,,n for '.he case of initial values taken from one of the
mines in operation.

AOr #3199 (I.J!*7)

2>.. Savin, ".N., "Cn Dynamic Forces in a Lifting Saft U'able (in Ras-
sia.ni," Pck' ii Akad. Nauk SSSR (N.S.) 97, 991-994,, 1954.

A lifting cabl6 hangs over a revolving cylinder with fixed axis
whose circular velocity is given. At the lower end of the cable a load
of weight Q is attached resting on a fixed bqse. Let the force applied to
the lower end of the cable before lifting the load be Tof where OS S S 1.
As the cylinder begins to revolve, the lifting cable will first stretch
out during an interval of tiae-r , the attached load remaining fixed on the
support fcr ý 1. The load will start to move upward only after the force
applied to the lower end of the lifting cable attains the value Q. The cable
is considered as an elastic-viscous string, i.e., its stiffness at ben-
ding is neglected. Instead of the equations of notion for an element of the
cable and the attached load, considered in a special case by Neroncv
(Akad Nauk SSSR Prikl. Mat. Yekh.(N.S.)l, 91-116, 1937), author intro-
duces an integrodifferential equation (Zontaining a parameter n) which
is equivalent to the above mentioned equation in the sense that any sclution
of these equations satisfying the urescribed boundary conditions satis-
fies alsc this integrodifferential equation. The converse theorem, however
is in general nct true. Fy means of the integrediffere,,tial equation
author then constructs approximate solutions of the problem under considera-
tion.

M4:I jil (195)5

?ý;'. Savin, O."., "The Dynamic otresses in a Mine Winding Rcpe lWen Lif-
ting a Load (in (ussiAn)," Ukrain. ?At. Zh. 6, 2, 126-139, 1954; Rev. no.
412, Rcf. Zh. Mekh. 1956.

"The pro ilz of ieterminirW, thE dynamic stresses ir. A winding rope
which iF woun.i on a drur rctatir4g at a given vciocity vc f(t) is divi-
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ded into two stages: (1) Removal of the end load Q from the stationary
end. (2) Lifting of the load Q in accordance with the given trapezoidal
tachogram.

The rope Is assumed to be an elastic, viscous rope. Calculation
of the internal resistance is based on Voight's hypothesis. The slipping
of the rope over the drum during lifting is neglected. The problem is
set of the solution of the well known equation of motion of the element
of the rope.

J_ 41)( _,-ý

whe: e, in accordance with wlat has been said aoove, the function of the
stresses

'T'xC ) t 4- ov.

( D is the coefficient characterizing the damping of the dynaaic
ctresse3 in the rope) with the fo]ioir-irg limiting and initial condi-
tions

is the nondimensional value indicating the degree of unloading of tCe
winding rope from the end load Q).

In view of the shortness of time vf recording the value r of the
end load Q from the stationary end. The problem of finding th! func-
tion u(x,t) in the first stage of the lift is considerably simplified by ne-
glect of the variation in the length of the rope, and by damping the dy-
namic stresses in it during the timer. Solving the wave equation
which is o4tfined from this, by D'Alembert's method, author finda the
"runction u(1)(xt) for the first stage, ano the recording time 7 , and know-
ing these, he letermines the initial values of the required function for
the second stage of the lift.

The grapho are given of the relationship of the value kr c r/l to
P/Q, C and a/g. In this, it is advisable for ease of calculation with the
given values of a and ; according to the given integet values k ct'/1
to determine the fractional values P/Q which correzspond to them. The fol-
lowing tables are given: (1) the length lo of the plumb line of the
rope for lift~ng at given valuee of ks c /+. (2) the values 4 and
ku c'r/l fcr the three values P/Q corresponding tc lift with small
(10- 105m), average(los 4l1m), and large(loa 1020m) depths.

For describin g the motion of the system load + lifting rope in
the second stage of lifting, the author, using the conception of moments
obtains the the integral-differential relationship, on the basis of
which, naking a first approximation of the solution in the fonu
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u( x, t, Xý(t) + x 2 ý(t)

he rekiuces the prob!- m of detcrmining the dynamic stress(s in the lifting
rrpe at the second stage of ILfting a load from great depths to inte-
gration of the system of twoordinary linear differential equations
with variable coeffi.ients.

2'. .a•vi, G.N., L:ui (,ecrgievskaya, V.V., "Lynami: Forces in a Hoist-
ing Cahle '-Then the .ad is Taken off from an Iuovable Foundation," (in
Eu~sian), Dop. Akad. :.•.uk, USSR no. 3, 205-211, 1951; Ref. Zh. Mekh.
no. 12, l)56,, Rev.

T1, article turns out te be a contiruation of the work of G.N.
-avin. In determining the maximum forces, the hoisting cable--noy. a
fully elast:c aggregate of the variable length-- is replaced by an
ieal elastic thread cf constant length, the top end of which travels up-
war. with some (constant.) increare in speed.

"Two -taa-es of the h(c;.,•ting are examined: the taking off of the load
f'v -in i-movi• e h'. and its movement upwards. In this way the prob-
.cra merges wi t: th•' Lntegration of heterogeneous wave equation, with initial
r.i boundao-- conli' ons, corresponding to the first and second stages of

thc hoisting. In tov r-su.ts of the examination of this problem, formu-
as are establisher: .:- e determination f th.e maximum force in the

r'n e wher. the 1 , r.:-ve J from an iumovabLe foundation:

t!he hoist ef '.l , fr e .:y :us:.t.nded load NOT REPRODUCIBLE

- ' anA , respe vely. are the weight cf the working part of the
,ae and the weight of ti-- end load.

":? m2997 <i,•8)

2v6. 3awsa, :1., "On ..rc . ri:tic .'in~dinE of Circuiar .-.ire," Proc.
ist Japan Nat. ;.cngi. Appl. Mech., 195.; Nat. Comnittee for Theor. Appl.
Mech., May 1952, 129-133.

2btainirn the n. rmal ntress at a point on the cress section of a
-ircuiar wire u rc.n. circular mandrel in amanner analak.cus to the
-:nt•ie hc-dinr .-' t lar, the tctall tens.on acting on the wire in expressed
4.n ternL _--f thc rwm u f the mandrel, that of thv' wire, the distance

f the r. utral iin. in the crcss section of the wire fr-,m the axis ef
'he mandrel, and -tung's moculus of the wire. Elastic stress components
an! nrincivn' strpes;e.n at a peint are solved under the osumtion of
a lartE elastic L-:it, ra..ius or the wire being considered small. These
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:'trcipal stresses are ftmpJoyed iz Nadai'a yiel e.,,rcition tc asiesi
:: rximately the elastic-plastic boAndary and .hr .Lact-ic region, '.,,r-

t.. pon,1.nr to the yield strength of the materi,.. 'alzo'ated numeri,.,
.',.ults for tI,(lybdenum wire are presented in tbr il igruwn.

#55 (1955)

',-anl.an, R. H. and 'wart, R. ,.p "Bending -.tiflness and 3train i:
tr.-,1li Cables," 1. .inter Power Meeting, Nw ',ork, .Jan 1968t, 7ac,.

-. kcnneider, L., Mahan, T., and Burton, L. o., "Tow Cable Snap iacib,'

%U Miapt r 64j-, A/UNT-8 presented at the W;r•er Annuai Meeting, New York,
• Y., :lo. 29 - Dec 4, 196h.

he:. t,,wing submerged bodies such u, oceiawgraphic :Lnstruaent package,
!,t t wcabte may be subjected to severe loadings because of large-

i, .tude ship i.otions. These motions first cause the cable to become
;aC( and -ub-eq.ently subject it to impact stresses when the tension is
.'vrcrr.d. :, sing e-degree-of-freeJon system is used tc represent tMe

t.~m. The effect of body oensity ar•i cable comupliance in atteuuatinr6
' :c 'yntmnc stresses is discussed.

'4,. *,ultlnk, '.., ana Spier H., and Wagt, A. v. d.o ' The tb,'aspicn
f l iamon .'ass," Apple Sci. Rea* (A)5_,I, 1-11, 195110

hie author attempts to explain the chinges in shape of the borer ,.
iam,nd wire orawing dies.

"Xi. e chults, A. P., and Ting, '. C. T., ' )etermination of the *;tres-
Lrain Relations in a Wire Under Transverse Impact," Journal of kpDli,
echanics, Trans of the ASM., Series E, 35, 2, 4106-08 (.June .

S.. chultz, A. B., Tuschak, P.A., and Vicario, A. A., Jr., "l'xperimi-n
vauation of Material Behavior in a Wire Under Transverse Impact," .1. ,*
pr,'. Mech., Trans of the ASHE Series E, 34, 2, 392-396 (June !96*,-,.

'easurements were made cf the displacement of a thin wire Iuring
i..-:an..erse impact at velocities up to 5000 in. per sec. The results arL
::•vpcred with the predictions of the rate-indepedment theory of plastic

v'ave propogation. It is concluded that an aluminum-maWnesium alloy shove.
nn rate dependence, while 0.9999 pure aluminum showed evitonce rf an i*-
-rease of jtrength under impact loading; 0.9995 pure c.,,,"er 3h,.wed :,

'i it anomalous behavior, being aoparently softer at muderate velucitit
,f impact and harter at high vejocities.

The experimental *ethod, while h~ving the advantage of minimi-
-g the effects of lateral inertia, is relatively insensitive to charec.
the material; it is shown by ,alculation that an increas in flow

-tress of 20% gives a change of less than 5% in the measurved deformation.
wever the authors state that work in progress will resmlt in a acre
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general technique for determining the stress-strain relations from the
experimental data.

AM #9305 (1967)

302. Schwier, F., "Contribution to the Prcbltr f MK Keal Ageing in
Hard - Drawn, Patented Steel Wires,"(in Germai., ii.: .Liaeno _2, 2,
58- -o, Jan 1952.

Author is primarily concerned with the mechanical property changes
that come about through ageing and, in particular, through mechanical
or .,t-ain aging. Specifically, the influence of temperature and time
'iid especially the latter on mechanical aging is investigated through
a m;ultitude of tests with drawn wires of different carbon content (.4-

• and size .... see also AMR #917 (19'ý3)

•O3• Segal, A. I., "Calculations for Guy Rope Systems(in Russian),"
Truci Mcsk, tekhn. in-ta ryh. prom.-sti i Kh-va. no. 5, 103-117, 1953;
J, ef. 'In. Mekh. no. 1, Rev. 1151.

The rr.&blem of the stiff mast guyed with : large number of ropes
ir solved by the method of deformations, while taking into account the
cna r stresses due to tne gravity pull of the ropes, which leads to the
nonlinear relation of the tension of the r opes to the change of position.
The transcendental equations obtained are solved by the approximation
method; first, on the assumption that the rope is inextensible, and
when considering its elastic deformations. Two numerical examples
are given.

)&!R #3951 (1958)

30h. Sergeev, 3.T., "Influence of the Mode of Connection Between
able and Loading Weight Upon the Stresses in the Cable Bent Around a

ey (in 'iussian),"Prikl. Mekh., 1, 6, 63-70, 1965.

:i auth!.r cunsiders the magnitude c' supplementary forces oc-
"in :-. elevator cable due to the runnring on the pulley. This mag-

11. e ,i s on the connection cf the second enid. Two such cases are
cc nsi # it•o: t:ie motion along a guide of a cable having a load attached
tc its ený (ecevator cable) , and the case of cables which run from one
1ullry to anotner. Several particular cases are exmined.

AMý #26," (L966)

30q. Se-gcev, S.T., "lnvestigation of the Prccess of •" F 1•Irved
"at'ie Dr. a luilcy(.n :.,ussian)," Pr.k Mekh, _ L, 7-.

I.n accumulating cal -.-ý n . . ,= e :vc '•, '- tne

curved! cable intr(duccs aw, vi . . t. hlt'-.entc :'.• the
r•:;Iltr ef the investigaticn vwrch :,a .- arriei cut., it is snoun
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that the value of the additional stress, and consequently, of the strain du-
ring the forming period of the cable, attains significant values and in indi-
vidual cases the expansion stress is equal to the tensile stress produced by
the load. For the 3trength calculation of the cable, it appears that
these stresses should be taken into account.

AMR #7224 (1967)

306. Sevstano, F., "Selecting Wire Rope for Oceanographic Applications,,
Undersea Technology Reprint R 191, Compass Publications. Reprinted from
Undersea Tech, Feb 1967.

Terminology for wire ropes is discussed. Discussion of flexibility
in terms of the length of the lay. Abrasion protection is discussed. Also
discussed are strength, corrosion resistance and economical choice of
a cable. Suggests improvements for wire rope. Presents fatigue curves
comparing jacketed and unjacketed cable (plastic jacket), with jacke-
ted cable showing a definite improvement in fatigue life.

307. Shanley, P.R., "On the Strength of Fine Wires," Rand Corp. RM-2011
(ASTIA ADl4 288), 19 pp., Sept 1957.

A theory for the mxceptionally high tensile strength of very fine
wires (or fibers) is developed on the basis that the "core" material
slips at nominal stresses, while the "skin" material must develop a very high
tensile stress in order to ccmpletely disrupt the atomic bonds. The re-
sultinrr c-uation gives excellent correlation with test data. The pkz-
sica: significance of the theory is discussed, as applied to glass and
uietal fibers. juggestions for further study and tests are included.

AMR #112L (1960)

308. Shaslov, V. I., "On the Influence Exerted by Thermal Treatment and
Friction on the Internal Dissipation of Energy in Carbon Steels (in RuB-
s4% n), Trudi Nauchno-Tekhn. Soveshchaniya po Izuch. Rasseyaniya Energii
pz. Kolebaniyakh Unrugikh e'., Kiev, Akad. Nauk USSR, 174-192, 1958;
Ref. Zh. Mekh., no. 2, 194.u, Rev ?702.

Investigation on the changes in the internal dissipation of energy
in carbon steels in relation to their heat treatment , regime and dura.
tion of work on the material under the action of cyclic loading and -est...
.... see AMR #2107 (1962)

309. Shelton, S.M., and Swanger, W.E., 'Fatigue Properties of Steel Wire,"
J. of Res. of the Nat. Bu. of Stds, 14, Jan 1935, pp 17-32.

Effect of surface condition (finish) on the fatigue properties. Effect
of mean stress on limiting range of varying tensile stress determined for
cold-drawn and galvanized, and heat treated and galvanized, steel sus-
pension bridge wires, and on h:gh carbon steel wire zinc eal>troplated.
Concluded that effect was insignificant.
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310. Sherwood, P. W., "'low to Stretch the Life of Your Wire Rope,W Rock
Products, 69, 125, Jar 1966.

311. Shield, R.T., "Plastic Flow in a Converging Conical Channel," J.
Mech. Phys Solids,3, pp 246-k58 (1955).

312. h;inoda, C0., hajwara, N., and Kawabe, H., *Dynamical Behavior of a
lylon 'timoing Rope," T-rnnol. Rep.. Csaka Univ., 6, 43-52, Mar. 1956.

Dynamic behývi.v c-f a nylon climbing rope was studied. Nylon 11mm
wthntards up to H/L equal ,j 0.3 frr a falling weight of 55kg, H
b-ing Lhe height of the failing weight and L t/ie length of the rope.
l.vec ccrrespond L, 1.n:;:'sive load of nearly 600 kg for both ropes. Calo-
rLmne-,ric study was m'ule -iu..,# ssnoc¢ test and compared to the result
of the .neasurcwrnt c,' tUemorature rise during static tension test. Nearly
6COC L6 , which co.incided with above figure , wa" obtained. Nylon rope sbows
,oci char;-_:-cistU-.' f(- sl.. ' w.,i7r, but they break easily by lateral file
act+•n of a sharp rock c47ed,-C T is a result of the low melting point
an•. ".s~ng of the eli.ern- t. thtý fracture is always observed.

A'4:t #1o37 (195b)

313. Siebel. E., "The Present State of Knowledge About the Mechanical Phe-
nomena of Wire Drawing," Stahl Eisen, May 22, 1947s, vol 66/67, pp 171-
180.

Ttis article is an excellent review of recent developments in our
understanding of wire drawing. While the author has given an analy-
sis in which some rather broad si plifying assumptions are made, the results
he obtaiuns are fundamentally sound and consist.%nt with experiment. His con
cluding charts are very interesting and may have considerable use in the
ictual laying cut of the wire-joint sequence. A translation of this article
ilt, inglish would be cf great value to American engineers.

A^ #68 -

I!. Sijrv, A., "Pre'r,ý3cd -7ispended Roofs Bounded by Main Cables(in En-
glish).*'ublications of :hi Irternaticnal Association for Bridge and Struc-
tur[ [nrineer,_ng, no. .. 171-136 (191 V.

This is an analytic C and experimental study cf a simple model of a
.us:c n'-: r-of boundel by ra~r :abien. "he model consists of 28 bars .nd

a-vrcx~mates a nybar surf-: rcund iby parabolic shave in plan. It is well
kn-wn that a svsv;om. of tr:' :.apr, is unstable. :n the case of prestress, how-

ar, i certain degree ,f stalilizatirn i3s rr-v-iea; the lighter the pro-
strts, thit sta .r *'., !ystpn. .n tn.i exrrimerhtal approach, loazs
were applied to a'• ),c-IMts 2K r -- rl, ments fr,':- 0 to 20C* g. The &najly-
ta,-al 'Fo 1 cr i• based -r ... y, in spite of the larger
nu,;r.*r cr equalicns r- ":ocr--. r he rea3oning was the
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simple presentation in a matrix form. Consequently, a program was pre-
pared for the Philco 2000 computer. Good agreement was found between
theory and experiment.

AMR #365 (1970)

31'. Sines, rl., "The Prediction of Fatigue Fracture Under Combined Stresses
at Stress Concentrations." Bull. JSME, _, 15, 443-h53, Aug 1961.

316. Single cables, "Single aLles Subjected to Loads," Civil &igi-
need ing Transactions. Institution of Engimeers, Australia, vol CE7,
no. 2, O-..ober, 1965.

317. Sir(tskii. V. F., Grisorev, N. I., and Artemev, P. I., "The Angles of
Declinaticn cf the LWad sifting Cables of Gantry Cranes in Cperational Con-
ditions(in '&-s•.n4, Etechn. Transport no. 7, 19-21, 195?; Ref. Zh Mekh.
no. i;. P'5.• Rev. 12i54.

Results are gr :en of full-scale measurements of the angles of
declinatiorn !i i tre vibration frequencies of load lifting cables of turn-
table cranes in actual working conditions. Limits are obtained for the
maximum angles of oscillations of the loads based on the analysis of
oscillograzns of 460 cycs of the work done by three types of cranes. It was
established that the lack of ,n '>rnity -1P the data for the cycles can

be attributed to the cranes e. ac.ontinr measures which reduced the swing-
ing of the load. Graphs are sn ..n ( -h ;tci tn repeatability of the
largest angles of declination of the load lifting cables expressed in per-
centages of the whole number of cycles investigated, and also graphs
showing repeatability of the oscillation frequencies obtained. Formulas
are given for the maximum angles of declination according to which it is
essential to carry out the calculations for the strength of the cranes
and of their mechanis ms; also formulas for those angles of declination
frequently occuring in operational conditions, formulas for tthe calculation
of the fatigue strength and power of the Jdectric motors.

AMR #6983 (1962)

318. iter', H . Stange, W. F., an-i Konenda, R. A., "The Effect of Gal-
loping and Static Stresses on Conductor Fatigue," Technical Session on
Conductor Vibration and Galloping, Sumaer Power Meeting, I!Ea, 1968.

319. Skillman, E., "Scme Terts of Steel Wire Rope on Sheaves., T. F. vol
17, no. 22Q, 1". S. Pureau of Standards,, March 2, 1923, pp 227-203.

320. Sleeman, W. C., Jr., "Lov-Spe•'u nv sti~at!cn of Cable Tension and
Aerodynamic Character.istics of a Parawr g a-u. Spacecraft Ccmbination,
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NASA TN D-1937, 59 pp., July 1963.

321. Swollinger, C. W., and Siter, R. B., "Influence of Compressive
Forces on the Fatigue Performance of Bethalume Strand Wire,' CP 65-237,
presented at the 1965 ITEE Winter Power Meeting, New York.

322. Smislovi, A., Loewer, A. C., and Eney, W. J., 'Using SR-4 Gages to
Measure Strainr in Wire Strand," Product Eng, 24h, p 214, April 1953.

Descr2rtion of a technique for the measurement of stresses in tbv
nOi, vaa ires of a small steel -trand.

2?3. Sork'.v, "Correct Socketing Prevents Premature Rope Failure,'

Engineering anO 'ing journal, l, 126, Nov 1967.

324. 5oko i v, vu ., "Approximate Solution of the Basic Equaticn for tLe
'Mamics c:. k •! ka . •in Russian)," Doo. Akad. lauk URSR no.!,
L-?-, *191' i.ef. Z:,. Tekh•,. no. 1, 1957, Rev. 999.

. .umea tnat ln.- Aifting of th._ load off an immovable foun-
dation is accomplished in accordance with a trapezoidal tachogram. An
approximate solution is obtained with the help of averaging th e inertia
terms of the equation. It is shown that for the phase of lifting the
load off the iimovable fundation the problem merges into the integra-
tion of a single linear equation. Approximate formulas are given for the
determination of the duration of this phase. The examination of the re-
maining phases of the movement is merged with the solution of the system
of two ordinary different4.al equations. To ascertain the dynamic pull
in the lower end of the cable, an approximate lBnear differential equatior
of the fourth order is used.

AMR •87 (!Y5F) "ranslation by Ministry of Supply, Digland

325. Sc -r • ' "Determination of Dynamic Forces in Minslhaft
nir Ruz,-.an)," Prikl. Mekh., 1, 1, 23-35, 1955; Ref.

Zh. Mei, 1 1956, Rev. 8556.

A metlh_ • adopted, put forward ear)ier by the author, of apply-
ýng to the app-oximate solution one differential equation in particu-
lar aerivatives, describing the longitudinal oscillations of a minerrlaýt
hijting cable, deduced by C.N. Savin. The problem allies itself to the
in.tegration of the system of two orninary linear heterogeneous equations
wý,it rational coeffiiCnt3s. F'rom this system an approximate linear iifferer-
tial eu2ution of the fourth order ir 1-duced to determine the dyrnamC', foi ",
in Une lvwer end of the cable. No variants (transformations) a' cear,
w' -h Aror u:,'ful in the approximate solution. The question is diutsod
on the bena~.r of the .•Iculatiors o 'he syst(m of t-o equat'os desduced
zy the author in *he ca3, when the len#-'oh cf the -able ldl t) ý_, '.ending
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towards zero*

PNR #2452 (1958) Translation, courtesy of Minictry of Supply, England

326. Sproles, F. S., and Hoke, J. H., "Zinc or Aluminum Coating, Which

Gives the Best Corrosion/Fatigue Rcristance?," Wire and Wire Products, L3,

9, 150-152, October 1963.

327. Srawley, J. E., ar irown, W. F., Jr., "'Fracture Tcughness Testing

Methods," AS•M Spec Tech Puolication No. 381, p133.

328. Stange, V. F., ý,.•thods of Measuring and Recording Fending Axpli-

tude," 31 rP ., '(0, Presented at the !965 IEEE Winter Power Meeting,

New Tork.

329. StangQ, W. F., Ault, G. H., arna Capadona, E. A., *Radiographic

Testing of Cables and Hardware fcr Power, "Materials Evaluation, 27,1,

16-22, J;anuaury 19A9.

330. Starkey, W. L., and Cress, H.A., "An analysit of Critical Stress and

Mode of Failure of Wire Rope," ASME Ann. Meet., New York, N. Y., Nov-

Dec 195B. Paper 58-A-63, 5 PP.

Many wire rope anufacturere and machine designers are under the im-

pression that the sJ4;nificant stress in a wire rc.pe is the tensile stress

or possibly the stro:se due to tension and bending. This paper proves by

mathematical analysis that by iar the greatest stress in a wire rope results

fror. Mertz contaut stresses .!+.. points of contact of wire-on-wire, and

asserts that the uistal mode of failure of a wre rope is fretting fatigue

initiated at such Doints of contact. Design relationships based on these con-

cepts should be of grcat value to designers who use wire rope.
From author's suaNrV

AXM #235L (1959)

331. Steidel, R. F., *Factors Affecting Vibratory Stresses in Cables

Near the Point of Support," Trans AIEE, Part III3, vol. 78, pp. 1207-

1213, 1959.

332. Steide!, R. F., "Strains Induced in Transmi1Oion- Line Cab-on by

Aeolian Vibration, Proc. Soc. Exp. Stress. Anal. 16, 2, i9-121 8 , 1959.

333. Stimson, P. .., "Deep Sea Mooring Cables,* Transactions, 2nd

Inte-national Buoy Tech. Symposium, Washington, D. C., 1967.
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J

3349 Aun, T. C., Acheribah, J. D., and Herrmann, 3., "Effective Stiffness
Theory for Laminated Media," T. R. No. 67-4, Northwestern University, July
1967,

A method is proposed t(" derive aisplacement equations of motion for a
l-minated medium. The .... hod is u'plied tc btudy the propogation of
tree harmonic waves in an uxnboundeli medium.

335. Suitderhauf, d., "The Lice of Aluminum in Cable TechnologyP Aluximw,
45, No. 11l-ll, Feb 1•.

A survey of the h'stcrical develodnent of the uue of Al in cable
technology

346. Swift, H, W., "The ?lasticity of Wares and Cables," Engineerivig, 12,
April 30, 1926, pp. 5h7-5%8; May 28, Pi. 615-617.

Various methci of testi-ng for the elasticity of wires and the com-
parative accuracy of certain Af them is discussed.

31?. 56ift, :i. W., "The Mechanism of a Simple Drawing Operation,* Engi-
neering, IV_, h627, pp. 431-435, Oct 1954.

Describes the drawing of sheets

338. Taira, S., and Koterasawa, R., "Investigation on Dynamic Creep
and Rupture of a Low Carbon Steel - Bull. JsmE 4_, 14, 238-246, May 1961.

33-. Taira, S., and Murakami, Y., "Residual Strerses Produced by Plastic
Tension in Notched Flate Specimens and Fatig'e Strength," Bull. Jn 4i, 15,
L'3-460, Aug 1961.

34O. Telephone, "New Techniques Used in Undersea Installation to
Guesrsa Cables,' December 32, 1967.

'Ll. Testing, "-The Te3tir; of Cable•., Wires, Straps, etc.," Tsentralnýi
Aerogidrodinamicheskii institut Trudj, USSR, Translation, No. 33, Chap-
t - 9 (195?),. Available: D1- a~s AD 669 162.

IL2. Testing, wirt rope, "Wire Rope Testing," Lab Project 930-44, Lt;"
Rpt. 932: MLF: ef, U.S. Naval Anplied Sciencr Lab, Brooklyn, March 1968.

3i:3. -exas Inst-ruw2nts, Inc., "ivaluate, Test and Kinufacture an Improved

Wir- '.c'-ce a-d 'able," ',Si.xth Qtly Progress Rpt), Frepared under Bushipa
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Contract No. bs-92232, Dec 3i, 1966.

34*. Thompson, F. C., Carroll, J. B., and Bevitt, E., "The Drawing of
Steel Wire at Elevated anci Sub-normal Tem;er,.ture," J. iron Steel Inst.,
173, part 1, 36-51, Jan. 1953.

Liscussed among other resu lts the e- fect on mechanical properties
of wire due to drawing at extreme temperatures

345. Thompson, W. H. (Lord Kelvin), "'On tae Forces Concerned in the Laying
and Lift of Deep Sea Cables," Math. and Phys. Proceedings, V!ol. 2, Cambridge
University Press, England, 1889, pp. 153-167.

3L6. Thorpe, T. and Farrell. K. P., "Permanent Moorings," Trans. Inst.
Naval Architects., Vol. 90, pp. 111-153, 1948.

3h7. Th. Whyss, "Effect of Secondary Bending and Internal Comprossion on
the Lifetime of Stranded Wire Ropes with Hemp CSores (in ;erm:n)," Mauztg.
67: 193-198 (Apr 2); 212-215 (Apr 9); 225-228 (Aor 16) 194,.

The paper forms part of a more extensive publication, which will be
issued as report no. 166 of the Swiss Federal Materials Testing Inst.
(E.M.P.A). It consists of thrpe secti.ons, the first of which deals with
the calculation of secondai, bending stresses in stranded wire ropes. It
is shown that these stresses may be of considerable magnitude, which
yields an explanation of the results of fatigue tests made by Woernle and
Herbst.

The second section gives an analysis of the loads Lad stresses be-
tween the component parts of the rope and pulUey, caused by axial tension
of and by traniverse forces on the rope. In addition, th; results of trazs-
verse loading tests i-. the plastic region and of bending and torsion fa-
tigue tests with singlh wires are coomuicated.

In the third sectioni the formulas are applied for ropes, the dimen-
sions of which have been dctermined using a design criterion given by
Drucker and Tachan.* The -ttressea determined in this way are in good
agreement with an empirical formula, based on tests carried cut at
E.M.P.A. In a final section, the impertant conclusicns of this in-
vestigation have been summarised.

see article # 90 of the present survey

An4 #448 (1950)

348. Torque balancec wire rope, "Torque Balanced Wire Rope," Trans of the
196ht Puoy Technology Symposium, Marine Technology Society, 21&, 25 March 1964,
Washington, D. C.
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349. Tsuboi, Y., and Kawaguchi., M., "Design Problems of a Suspension
Roof Structure - Tokcyo Olympic Swimmin• Pools (in English)," Report of the
Institute of Industrial Science, Tokyo University, I5, 2, IiU-164 (Nov 1965).

The authors have oescribed the methods of analysis and design of the
swimming pool roof built in Tokyi in )596i.. It consists of suspended cable
networks, a system which has become increasingly popular in the last 20 years
and has a considerable importance in view of its economy and ease of con-
struction.

The authors have described the experimental work carried on. /100th
and 1/30th scales of the structure, which is instructive.

The cable network has double curvature. The bracing cables are com-
nletely flexible, but the carrying cables have a certain degree of ben-
dirg stiffness. It has been pointed out that the geometry of the struc-
ture can be altered as desired by changing the distribution of bending stif-
ness, whereas this would not be possible with completely flexible cables.

The conputed and experimentally obtained values for deflection and *%

strains have not oeen compared. It would have been vary useful if that had
been cone.

AMR #2f,?l (1967)

350. Tuman, C., "High Velocity Engagement of Arresting Wires," U.S.
Naval Air Miasile Test Center, Point Magu, California, 1954.

351. Tung, D. H. H., and Kudder, R. J., "Analysis of Cables as Equivalent
Two-force Members,' Engineering Journal N Y, 5, Is 12-19, Jan 1968a

This paper presents a simplified analysis by treating cables as equi-
valent two-force members. The nonlinear behavior of cables is accounted
for by introd',cing the concept of equivalent modulus of elasticity and
equivalent strains. The stresses caused by a change in teaparature, super-
imposed loads, or dislacement of supports can be solved readily.

From author' s summary
AMR #5908 (1969)

*, s., 'n ýhe Yension of Towing Hawsers of Ships and Also of
Chaiinr ables of Mooring Buoys," Man. Fac. Engng., Kyushu Univ, e2, 2, 95-
117, Mar l•'63.

Paner contains two Darts. In the first one the author discu!,ses the
variation of the stress *n a towing hawser of ships, due to the influence
of waves and gusts. Many particular cases are analysed. The major assimp-
tions are that the cable is inextensible, the weight of the hawser per
urit length is uniform and the water resistance on the hawsr movement is
neglected. The conclusion is that in order to avoid cutting the cable
Jue tc different shocks, it is necessary to choose a cable as long as
possible and the unitary weight be as big as possible.

The second part of the paper is -'evoted to the mechanics of mooring
buoys. Tlhc conclusiorns are similar to the p-evious: to avoid the rup-
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ture of the chain due to wind ain wave effects, the chain must be as
long and as heavy as possible.

The reviewer*wishes to notc 1iat tod.-y with the electronic computer
technique one can solve any movement of an extensible cable for any move-
ment of its ends and for any forces which ac+ on the cable. In these con-
ditiona, the distribution of the strain anra tress can be known at every
moment of time and. thereforo the rnortizatirn of the shocks by the exten-
sion of the cable can be reaii'.2d, in oi ,1 r to prevent the rupture.

* N.E. Cristescu, Roumania ... oee ietic!. 59 of the present survey

AMR #3172 (19WU)

351 United States Steel Corn., "Vire Rope Handbook," Columbia-Geneva
Steei. 7iv., Sar. -rancisco,. Calif, .-7P

354. Valter, A. A., "Determination of Losses Due to Stiffness of Cables
Because of t-ie Small Angles of Contact )f the Pulley (in Ru:_5iar)," Trudi
Penzenmk. 1r.Justr, Ir-ta no. 3, 24-21, 1957.

AM 1'2426%9r)

355. van der Lingen, T. W., "Dynamic Behavior of Rope-guided Conveyan-
ces with Refsrence to Scale Model Testing," So. African Mech. Engr., 11,
5, 153-185, Dec 1961.

Author considers the two-dimensional motion of a mine hoist conveyance
supported by a hoisting cable and four guide ropes. The two degrees of
freedom considered are horisontal translation and rotation in the plane of
the conveyance. Rope elasticity and internal rope friction are excluded
(justification in appendix). The equations of motion set up for the con-
veyance and ropes seem correct , but the boundary conditione, Eq(4),
seem incomprehensible both as far as the coordinate system and also as
far as signs are concerned. It is the experimental results which make
the reviewer feel that they may be correct.

AMP #4570 (196?)

356. Vanderveldt, H. H.; and Gaffney, P.,Patent Application, Differential
D'iameter Extensometer, 1969.

35?. Veiler, S. la., and Likhtman, V. I., "Laws Governing Lubrication
When hetals are Worked Under Pressure," Soviet Phys.-Tech. Phys., 2, 5,
989-995, Feb 1958.(Translation of Zh. Tekh. Fiz., Akad. Nauk SSSR 27, 5,
1087-]094, May 1957 by imer. Inst. Phys. Tnc., New York, N. T.)

Am #h985 (1955)
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358. Vinogradov, V. V., et al., *Deep Sea MooringW Bull. Scrips Inat.
Oceanography, 8, 3, 271-312, 1963.

359. Voinea, R. P., and Voinea, D. P., "Contribution to the Strength Cal-
culation of Flexible Electrical Conductors (in Roumanian)," Acad. Repub.
Pope Romine, Rev Mecan. Appl. 3, 3, 1958.

AMR #4375 (1959)

360. Wagerknecht, W. E., "The Production of Steel Wlre,W Wire Prod., 2,
Jan 1953, pp 4-8.

361. Wagerknecht, W. E., "The Properties of Steel Wire,' Wire Prod., 2,
L'eb 1.9•'.

Reports that in the production of steel wires fcr wire ropes, a pro-
anneal at 7000 C gives a slight improvement in all teat values. A decar-
burizing anneal at 10000 c causes the tensile strength and fatigue limit
to decrease and leads to a marked improvement in the torsion test results.

BISI Bib 13 b

362. Wainwright, H. A., "The Distortion of Metals by Cold Working,"
Proc. of the Inst. of Mechanical Engineers, 137, Nov-Dec 1937, pp. 311-
322.

363. Waldron, L. J., and Peteres, N. H., "Cathodic Protection of a
Deep Sea Moor (AUTEC-TVTO II),m U.S. Naval Research Laboratory, Washington,
D. C., NRL Memorandum Report 1338, July 1962.

364. Walton, T. S., and Polachek, He., "Calculation of Nonlinear Tran-
sient Motion of Cables," David W. Taylor Mod. Basin Rep. 1279, 50 pp.,
July 1959.

In this paper the system of partial differential equations gover-
ning the nonlinear transient motion of a cable imersed in a fluid is
solved by finite difference methods. This problem may be considered a
generalization of the classical vibrating string problem in the following
respects: (a) the motion is two-dimensional; (b) large displacements are
permitted; (c) forces due to the weight of the cable, buoyancy, virtual
inertia of the medium and damping or drag are included; and (d) the cable
is assumed to be non-uniform.

The solution of the prob-..nm is of practical significance in the
calculation of transient forces acting on mooring linea due to the bob-
bing up and down of ships during the period preceding large scale explo-
sion tests.

AMR #17h (1961) From authors summary
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365. Watt, D. G., "Fatigue Tests on Zinc-coated Steel Wire," Wire and
Wire Products, 1941, 16, May, pp. 2?0-285, 294, 295.

Vibration fatigue tests for strengtns of 110 to ?55 k:i. -oncle-
ded: (a) endurance limit increases as tFr•sile strength while the endu-
rance ratio decreases; (o) hot-dip galvarlizing lowers endurance limit
of patented wire by 15-29 %; \c) reductiou cy irawing increases the endu-
rance limits of patented and zinc-coated wire; (d) electrolytic plating
increased the endurance limit over hot-dipping.

BISI Rib 13

366. Weibull., W.,• " The Weibull Distribution Function for Fatigue Life,"
Mater. Res. and 3tards., 2, 5, pp. 4O5-411, May 1962.

367. Weichbrcdt, Pjorn, "Mechanical Signature Analysis, a New"Tool for
Product Assurance end Early Fault Detection," Report No. 68-C-197, Gene-
rcu. Elktr1 R 3nd L Center, Schenectady, New York, June 1968.

Sound and vibration signals have been useful for many years in jud-
gin-, the irnternal condition of machinery and structures. An automobile
mechanic listens to an engine for internal defects. A machinist checks
"a grinding wheel for cracks by rapping it and listening for a clear or
"a dull tone. At General Electric's R & D Center, the interpretation of
sound and vibration signals is being developed from an art into a scien-
tific technique. This technique, Mechanical Signature Analysis, uses ex-
ternal oeasurement of sound and vibration signals to diagnoce internal
conditions or malfunctions and lo detect incipient failure. Mechanical
Signature Analysis has great potential as a unique tool for increasing
the reliability and maintainability of a wide range of components, assem-
blies, and systems. (It seems possible, in principle, to use this ap-
proach in cable systems.)*

* see article #200 of the present survey

368. Weisselberg, A., "Magnetic Crack Detection and Tts Application in
Rod Drawing Shops,* Stahl und Eisen, 6h, Dec 19U, pp. 791-797.

Description of magnetic powder tr-,sting of ste-el bars

369. Williams, A. E., "Steel Wire Ropes," New ZUland Eng., 7, Oct 192,
pp. 360-363.

,7qTical examples of wire rope ccrstruction. Impor.ance of core is
stressed. Metallurgy of rope wire, particu.arly the requirements for
elastic modulus, yield point and fatigue limit are discuased.
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370. Williams, A. V., "Steel Wire Ropes; Some Factors Influencing Their
ULfe," Ircn and Coal Trades Review, 16L, Jan 25, 1952, pp. 187-191.

Discussion of production of steel "rire ropes and materials used
in their nkunufacture. Factcrs affecting life are discusad, including:
bending Etresses, corrosion, and fatigue.

PIS! Bib 13b

371. Williams, A. E., "Ultrasonic i7nsnection of Wire," Wire Production,
2, July l')51, n, h-7.

•77. Willis, d. M. N., Lhisncan, S. W., and Bullen, N. I., "Measure-
nnt and Suppresion of Tension Waves in Arresting Gear Rope Systems,"
ter(. es. Counn. Lond. Rep. Mem. 2981, 26 pp., 1957.

.'x '-irrcnts wre carried out in crder to measure the effect of the
ten-;ior -:avws vihich are introduced in an arresting gear rope system af-

tr, ,a.-ment, and tc try out means of suppressing these waves with a
ýnew Lc apolication to projected arresting gears suitable for entry
S-eeds up to 120 and 151) knots.

pe tensions were recorded for a series of tests covering a range
of entry speeds up to 117 knots with a test vehicle weighit of 54o0 lb
and up to 151 knots at a weight of 2,h50 lb. It is shum1i that the am-
plitude of the tension waves becomes relatively greater with increase
of entry speed and reaches very serious proportions at the maximuia speeds
obtained.

The use of resiliant rope anchorages has resulted in the suppres-
sion of the tension waves to a large extent, reductions in peak ten-
sicns of up to 30% under some conditions having been achieved.

From author' s summary
AXR 4399 (1958)

373. Wills, W. H., and Findley, J. K., "Manufacture, Properties and
Uses of 18-8 Chromium-Nickel Steel Wire," Trans of the Amer Soc for
Steel Treating, 20, 1932, pp. 97-112, 112-11L.

General wire drawir.g practice; 18-8 chromium nickel wire; phy-
sical properties of wire; corrosion tests

1A. Wilson, B. W., "Characteristics of Deep-se2 Anchor Tables in
strong Ccan Currents," A !, M College of Texas, Dept. Cceanography
MIeteorol. TR 204-3, 51 pp., Feb 1961.

3Y%. Wilscn, 9. W., "Alastic 'haracteristics of Moorings," Journal cf the
Water-•'ays and lar~ors ivision, Proceedings of the Auericai Society of

i. n•iners, 9_3, 'W L, 2 7-5 1•--1 7).
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By reviewing the pertinent literature, akthor collects many numeri-
cal detp. concerning the weight, ultimate strength, fatigue strength,, and
elastic properties of the mooring ropes, which usually consist of steel
wires or fibers (nylon, Dacron, mariila, etc.) woven together into
strands and several strands into rcnes. The behavior of mooring ropes
under repeated loading is also treated. Formulas are given for calcu-
lating the dynamic effect exerted by waves on the moored ship and anchor
cable, Several formulas are inserted referring to the geometry of har-
bor moorings and anchor line suspension.

This survey paper fills a long vacant niche in the literature of
-iooring operations.

*ta #4~778 (1968),

376. Winding Rcpc Wire, "Wfinding Rope Wire, Patenting, and Continuous
::rawing," Wire Ind., 19, Aug 1952, pp. 732-735.

37M. Wire Rope Selection, "Wire Rope, Its Selection," the Rochester Corp.,
A-l-6,•, Culpepper, Virginia.

373. Wire Rope Selection, 'rWire Rope, Its Selection, the Rochester Corp.,
A-2-68, Culpepper, Virginia.

379. Wire for Ropes, "Round Steel Wire for Ropes," British Std, 3S 2763:
1968, 28 pp., June 1968.

this revised standard employing the metric system of units speci-
f: es *he requirements for cold-drawn steel wire used in the manufacture
of ý-ire -one. Zinc olated and galvanized wires are considered with

efexc•e i~the rplevant stanzards. The manufacture, char cteristics,
inspectieon testing of the 1'ireu are dealt with a test for the adhesion
-f the zinc coating is described in one of the appendices. An additional
section cf the standard covers high duty round steel wire (including zinc
plated or galvanized wire) for winding and haulage ropes. -ZDA

Source: Corrosion Abstracts, Vol. 3, No. 6, Nov. 1969, p. 413 line 1.

330. *<ire for Ror(s (',ilvani7,ed), "ýalvsiied Steel Wire Rcpe for Ships,*
;ritish Standard, FS 365: 1968, 24 p (1968) may.

This revised standard specifies the requirements for galvarized
round strand steel wire ropes for ships, incoluding rmpes for sta. •
rigving, cargo lashings, moorings, towing and s..,- *v',es of cari-
handling genr. "le metric system of measurement :s employv*A. T"e
manufacture, dhiaracteristics and inspect .on of ".e ropes are covered
alerc- with Testing prcedures and delkvery. The relat.ed standa-ds
are idicated. A list cf terms and defi'iiticr.s (I sed on i.S.C. nrc-

111



posals) is included In the appendices. -- SDA

curce: Corrosion AsbstacLs, Vol. 8, Ilo. %, p 41, Line 9, Nov. 1969

381. Wire Rcpe AI:indbcok, "Wire Rope HandLcok for Western Wire Rope User,"
Ccll.mbia- Geneve Steel Divisicn of U.S. Steel, Copyright 1959, San Francisco,
Califcrnia.

19". Wistreich, J.., "Frofil-u MIa~arement of Wire Drawing Dies: Recent
German Develonments," Iron and Goal Trades Rev., Vol. 163, pp. 965,9,58

383. Yamada, Y., "Cn tue Application of the Thecry of Plasticity t0
Hirdnrss Test and Wire Drawing," Proc. ist Japan nat. Congr.
r•lop. Xech., 19'1; Nzt. Commrattee for Theor. app!. Mech., May 1952. 231-

Author considers slip-line fids for plane-stra]n indentation by
a rvy Lndi r and plane-strain dr-.,cng through a die with cicular entry
for the range of reductien-. where the slip-line field intersects cbe
axis of symmetry in P single point. No velocity boundry conditions
are considered.

A.MH #133 ( "'5)

IP Yamanouchi, H., and Hyaski, I., "DrawinE Force of Fod Through Die, 3

* -oc. ist Japan nat. Congr. appl. Mech., 1951; Nat. Committee for Theor.
A:•pl. Mech., May 1952, 237-240.

Paper gives an approximate stress solution for drawing through a
rcugh conical die. '4.e shearing stress in the axial direction is assumed
to ocey a power law normal to the axis.

Corrections for "change of direction of flow" at entry and exit
are taken from Korber and Eichinger. Apart from this consideration,
velocities ire nct ccnsidered.

mE13 (1955)

3"-. !n, '.T., "Cn the Mechanics of Wire Drawinf, ASMý. Trans. 83 B
(j. i-ru-ng. Industry') i, 523-530, ':U' i.

"7i.- wir; -resistance strain gage dynamcrneter3 are designed for
measur: r4 serarating force and drawing force on a split drawing die, and
thc rerults :. the cs5r.-iticn •f (cocffi.ient cf friction) are presented.
i-p'rtan'ce ef the' effect of the !And or oaralled :;crticn in the die is
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emphasized. Using the estimated value vi p4, drawing stresses are
calculated and compared with exrarimental da .a. Drawing stresses de-
rived from the author's equation are still '..w in comparison with the
experimental results. This .clrn is argue i b. Thum3en and Kobayashi
in the discussion usin-g Hill's slip line s(ltions, and reviewer is
on the side of Thomsen and Kobayashi. A yie Ld conditionOr - Cr o
would be more appropriate than equation (13) in the paper. r

AMR #3297 (1962)

386. Yoshida, S., "Cn the Moments Applied to Wires During the Stranding
Process," Proc. 2nd Japan nat. Congr. Appl. Mech., 1952; Nat. Committee
for Theor. appl. Mpch., May 1953, 109-112.

It is found experimentally that a stranded wirt; is twisted mort easily
than an unrestricted wire and that its tcrscnial st:efs-strain chalracteristic

affected by the existence of stress resulting fri- the inevcitabie bending
..oments and torsional mom, z•s which are applied tV . diuring Ute stranding
process.

In thir raport, the stress produced by comtt f'd bending ax• twisting,
and the moments applied to a wire during this pr: .ss, are calci.lated
theoretically.

AMR #2308 (August 1955)

387. Yoshida, S., *Studies on the Torsional Stres.-Strain Characteristic
of a Bert Wire," Proc. ist Japan nat. Congr. appi. Mech., 1951; Nat.
Committee for Theor. appl. Mech., May 1952, 123-127.

Considering the cross secticn of the bent circular wire to )e partly
elastic and partly plastic, author determines the torsional moments or
such wire under the ass'.Aption that, in plastic region (i.e., after yield-
ing has reached), (1) tensile stress rof wire is constant and equai to
that when it just yields; (2) torsional stress-strain plot beyond the
yield point is linear, either parallel or maxes an angle with the direction
of strai:. axis; (30 shearing stress ria given byT 2 r" 4 .?

2 . const.
Thr-.-etical torsional stress-strain characteristic curves of copper,
auurainum, a•nd steel wires Lre plotted and compared with experimental ones

"d the author claims the results to be in good qualitative agreement.

-A #56 (195)5)

3`8. Zener, Ci, "Internal Friction of Wiýes," Nature, l0 Nov. 1937,
r. 895•.
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389. Zinsser, H., "The Timu-Yitld of Steel '..'ires Stressed Within the
:range of Fitigue Under Pulsating Tpns:!e Jtre-c.s," (in German), Stahl.
u. •isen 3, 74, iL5-151, J:in. 19c,.

AMR #3572 (November 1914)

190. Gill, E.T. and Cooiacre, R., "Some Aspects of the Fatigue Properties
of Patented Steel Wires. TI. Note on the Effect of Low-Temrerature Heat
Treatment," Journal of the Iron and Steel Institute, 1935, No. II, pp. ]43-
L77.

fo-a-tc.:ntrature tempering of cild-drawn wire is an essential process
when the material is used in the form of a spring. The effect of this
treatment on the fatigue properties has been examined for four steals of
0.37, 0.55, 0.79 and 0.86 oer cent. carbon cort.ent respectively, drawn to
varying reductlcns, from 25 t3 90 per cent., ,nd tempered in the range
1500 C. The wires were free from decarburizati,ri but noL polished. The
follcwing pcints were noted:

Generally therr is an incrsase in the limiting fatigue strength, the
optimum tem zerature being of the order of 2000 C. (for one steel, 0.79
per cent. carbon, it was 1500 C.).

With all the steels examined, there is a critical reduction, at which
point under certain tempering conditions the limiting fatigue stress may
fall considerably below that for the as-drawn condition. This critical
reduction beccones progressively lower as the carbon content increases.

391. Lennox Jr., T.J., et. al., "Marine Corrosion Studies: Stress Corrosion
Cracking, Deep Ccean Technology, Cathodic Protection, Corrosion Fatigue,"
Naval Research Laboratory, NRL Memorandum Report 1711, May 1966.

Studied cathedically protected type 30k stainless steel wire rope
(7 X 9) and aluminized improved-plow steel rope (6 X & IWRC).

392. Plunkett, R., "Static Bending Stresses in Catenaries and Drill
Strings," J. of Eng. for Industry, Vol. 89, Series B, Ftbruary 1967.

The differential equation of bending of a stiff string is ot..ived:

KI E h cc, ko - Z sin 8 a 0
dZ

where 0 siopk' anrle

Axiai eli-aticn is derived. The paper shcws that small stiffness causes
and effect only in boundary regions near the end supports; the deviatinn

frm the catear," can be found as a rapidly converging series.
if *-one assumei that the stri-4 is in a flo" currtiit. the problem will
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be interesting from the "cable" view point.

393. 1oskitt., T.J., "The Application of r]astic Catenary Functions to
the Analysis of Susnended Cabl- Structures," Struct. -ngr. 41, 5, !Li-
170, May 1963c

An iterative ,rocedure is gi.-en for determining the sag and in-
sulator swinz nf h*-tcnsion cables. The paper consists mainly -'f a
collection of inter:clation formulas for the catenary functions, and
a linearized stiffness matrix for small motions of the cable ends, all
given without derivation because of their straigntforward basis.

394. aust, '., et., al., *EvaluatiLn of Titanium Alloy Cables for Air-
Craft Use, Report No. NADC-A14-6709, Naval Air Development Center, 17
March 1967.

Descrinticn of result- of tension and fatigue tests of titwnium
alloy cables to determine suitability as aircraft control cables and
helicopter rescue cables. Results indicated that the poor fatigue a ;7
cables make them unsuitable for these uses.

395. Schultz, A.B., "Large Dynamic Deformations Caused by a Force
Traveling on an Extensible String,, (in English), International
Journal of Solids and Structures L, 8, 799-809 (Aug. 1968).

An infi.nitely long, perfectly flexib] ..o. ng is subjected to tk-
concentrateia forces which travel along the tt'_-tg with constant speed
in opposite directions frop_ a comvon t point. The ensuing

motions and deformations of the striig are descr*bed. The description
takes into accoint large deformations, changes in string tension, and
tha transverse and longitudinal waves which propagate.

AMR'69 3 (Doc. 1969)

396. Skop, R.A., 'On the Shape of & Cable Towed in a Circular Path,"
Naval Research Laboratory, P.WL Rsoort 7048, April 2L, 1910.

397. Vanderr•idt, H., LTaura, P.A.; and GafUney Ii, P.G., 'Mechanical
Bvviý-: of Stranded Wie Ropes,* Report 69-4., Themis ?rogram No. 893,
Institute of Ocean Sciencv and Ergineering, Catholic University of
Aerica, july 196"-.
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398, Bibliograpny on Wire Hopti, "Bibliography on Special Wire Rope
ProLlems," "attr:lle Memorial Inst., Columbus Laboratories, Presented
to the U.S. ?>*yj on 10 July i968.

399. Pibliography on - "t6ibl;_ography on Wire," The Iron and Steel
1nt%. (Britain')' B; liographical Series 13, Prebared by the Library
and inform- ilon Dr-nt, of the Iron and Steel Inst., lHarrison and Sons
Ltoi, Londcn-

i4 OCI. Biblinrhnv ,.n W iblorapnv on Wire,' The Iron and Steel

Ins.,. (iBrirainr, 11.) ilic,-rapnicI Seriees 1-b 8, (Covers period

Bl B!b inraR -y on Wire : -DoE, "ir- e Investigations at Naval
f, -1 • :.•. 2cien•e Lbcratorv,'-" }ibliography, Lab Project 9300-4h
7V -: '. 'Jjival Applien Science Laboratory,

I
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- NDEX

Accoustic detection
of crack initiation 175
of structural failure of cables 200

Aerial tramway (see Suspended cable transport devices)
After treatment of steel wire

effect on properties 269
Agcing of drawn Wire
Aircraft arresting gear 17,41,122, 123, 124, 281, 350, 372
Aluminram

use of in cab-.i technology
Aluminized Oire rý^eadvantages of 2
Anchor: cables, wire rope for 92
Annraling of drawn wire 233
Arrkor for cables 222, 348

Vending
moment in a wire rope at an anchoraga 250
of lead and leai alloy cable sheathing 83
" wire rcpes in aircraft arresting gear
stiffness in st.:-anded cables 297
strai 1 in ccnductcrs 259
stf•ses i c r-pe due to manufacturing 88, 336

I " " " on a roller lo0

tfmnsile strength of wire rope in 72
Bendixng amplitude, measurement and recordirv; of 328
Bending fatigue

of wire, tests 246
of wire -ope, tests 3
stress redistribution resulting from 27

Bibliography on wire and wire rope 199, 398, 399, 4i00, 401
F v moorng 703

cables 276

Cable conductors 36. 43, 55, 71, 96, 164, 187,226, 259
" conn~ectors and penetrators 43

Cathodic protection of nooringa 139, 363
Thromium-rickel steel wire 373
Coatings

corro3ion resistant 326, 373
weather " 5

Coefficient of internhl friction of a rod 2CO
" friction in wire drawing 166

Cold work
effect of on fatigue 188, 262
distcrtion of metals due to

Compressive stresses in wire
effect of on fatigue performance 321
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Contact pressure

between rcpe wires due to torsion 249
"1, a r'pe ani a sheave 65

Contact stress in stranld cables 86, 330
Corrosion

analysis of a buo, systcm 203
fatigue cf metals 138

"It testing 11
in v.ire rope 224, 2c5, 391
"::torancts of wire rope 255
of materials in hydrosnace 273
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